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ABSTRACT 


Recognition of the forms present has been the basic difficulty in the interpretation of New England geo- 
morphic history. Joseph Barrell’s recognition of broadly developed multiple terraces of marine origin is 
shown to be erroneous, since the existence of the terraces was concluded from incomplete evidence and 


questionable logic. 


Multiple facets, as recognized by Douglas Johnson, can be observed directly on suitable profiles and to 
some extent in the field. These real forms indicate that New England has undergone complex peneplanation. 
Such a history is entirely compatible with the hypothesis of regional superposition applied to adjacent 


Appalachian areas. 


INTRODUCTION 


The New England Upland long has 
been a testing ground for many concepts 
of cyclic and noncyclic denudation. It 
still is being used for that purpose, for 
after forty-five years of research there is 
disagreement as to its geomorphic his- 
tory. 

The broad rolling surface of the crys- 
talline rocks in western Connecticut was 
cited by W. M. Davis' as a good example 
of an uplifted, dissected peneplain of flu- 
vial origin. This interpretation was chal- 
lenged by R. S. Tarr,? who suggested the 
alternate hypothesis of noncyclic bevel- 
ing. Davis replied, showing that non- 
cyclic beveling could not adequately ac- 
count for the subdued upland.’ Since 

«Physical Geography of Southern New Eng- 
land,’ Nat. Geog. Soc., Mono. I, No. 9( 1895), pp- 
269-304. 

2“The Peneplain,” Amer. Geol., Vol. XXIII 
(1898), pp. 351-70. 

>“The Peneplain,’” Amer 
(1899), pp. 207-39. 


Geol., Vol. XXIII 


that time there has been general agree- 
ment that the upland is the result of 
cyclic processes, although few geomor- 
phologists accept Davis’ original inter- 
pretation of the surface as a single pene- 
plain warped down more steeply near 
the Connecticut shoreline. 

The earliest modification of the single- 
peneplain concept was proposed by Jo- 
seph Barrell. He suggested that, al- 
though a peneplain had once been 
formed, it had largely been destroyed by 
later marine and fluvial erosion. Accord- 
ing to Barrell, the present surface is not 
one peneplain but a series of seaward- 
sloping, dissected marine planes stepping 
down to the sea at intervals of from 100 
to 400 feet. These dissected terraces were 
more fully described in a later paper.’ 


4“Post-Jurassic History of the Northern Appa- 
lachians,”’ Bull. Geol. Soc. Amer., Vol. XXIV (1913), 
pp. 690-91. 

5 Barrell, ‘Piedmont Terraces in the Northern 
Appalachians,”’ Amer. Jour. Sci., Vol. XLIX (4th 
ser., 1920), pp. 227-58, 327-62, and 407-28. 
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Barrell’s hypothesis of multiple ma- 
rine planation virtually denies the preser- 
vation of a broad upland peneplain in 
New England. Other workers have modi- 
fied Davis’ hypothesis of a single warped 
peneplain in a different manner. Accord- 
ing to H. S. Sharp® and Douglas John- 
son,’ the upland consists in the south of 
an older resurrected peneplain, but far- 
ther north it is a younger surface which 
had never been covered by later sedi- 
ments. Johnson® has recognized that the 
upland possesses additional complexities 
which have not yet been fully studied. 
He doubts the marine origin of certain 
terrace-like forms on the following 
grounds: (1) The faint inclination of the 
supposed cliff zones are unlike any au- 
thentic marine forms. (2) The supposed 
sea cliffs are more faintly inclined than 
many hill slopes not regarded by Bar- 
rell as terrace remnants. (3) Slopes simi- 
lar in form to the supposed sea cliffs face 
inland, away from the ocean. (4) The 
terraces are not recorded on Mount Des- 
ert Island, Maine, where the situation is 
favorable for their retention.’ 

G. W. Stose”’ has returned to the orig- 
inal interpretation of Davis for the New 
Jersey—Pennsylvania region and _ holds 
that a single warped peneplain is present. 
His interpretation is based chiefly on 
stratigraphic evidence gathered from the 
adjacent coastal plain, which would pre- 
sumably apply to near-by New England. 


6 “Physical History of the Connecticut Shore- 
line,” Conn. State Nat. Hist. and Geol. Surv. Bull. 46 
(1929), Pp. 34-50. 

7“A Theory of Appalachian Geomorphic Evolu- 
tion,” Jour. Geol., Vol. XXXIX (1931), pp. 497- 
508; Stream Sculpture on the Atlantic Slope (New 
York: Columbia University Press, 1931). 

§ “Appalachian Studies I” (abstr.), Bull. Geol. 
Soc. Amer., Vol. XL (1929), pp. 131-32. 


9P. 7 of ftn. 7, Stream Sculpture... . (1931). 


10 ‘Age of the Schooley Peneplain,” Amer. Jour. 
Sci., Vol. CCXXXVIII (1940), pp. 461-76. 
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H. A. Meyerhoff" suggests that the 
supposed resurrected pre-Tertiary pene- 
plain near the Connecticut shoreline is, 
instead, a Miocene marine erosion sur- 
face with some lower marine benches 
of later date. 

Such are some of the conflicting views 
now held concerning the cyclic history of 
New England. Part of this conflict origi- 
nates from different methods of observa- 
tion, which lead different observers to 
believe in the existence of different forms. 
The rest of the conflict arises from the 
fact that various interpretations have 
been offered for the same forms. It is the 
purpose of this paper to re-examine the 
New England Upland, to evaluate the 
methods of observation employed by 
different investigators, and, if possible, 
to determine what significant forms are 
actually present. When this has been 
done, it will be pertinent to examine those 
hypotheses which seek to explain the 
forms recognized. By following this pro- 
cedure some resolution of conflicting 
ideas may be achieved. 

The interpretation of broad upland 
surfaces cut across complexly folded 
crystalline rocks, like those in southern 
New England, not only should be made 
on the basis of local evidence but should 
be compatible with regional histories of 
adjacent areas. 

The studies of Douglas Johnson,” 
Karl Ver Steeg,’’ and others indicate 
fairly conclusively that in the adjacent 
portions of the Appalachians the erosion 
surfaces are of fluvial origin. The low de- 
scent of monadnock ridges toward pres- 
ent water gaps, described by Ver Steeg, 

“Tertiary Marine Planation in the Piedmont 
and Southern New England” (abstr.), Bull. Geol. 
Soc. Amer., Vol. XLIX (1938), pp. 1954-55. 

12 Ftn. 7, Stream Sculpiure .... (1931). 

13 “Wind Gaps and Water Gaps of the Northern 
Appalachians,” N.Y. Acad. Sci., Vol. XXXII 
(1930), pp. 87-220. 
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indicates that shallow water gaps existed 
at these sites on the Schooley peneplain 
and that a later marine invasion was 
never instrumental in affording a sedi- 
mentary cover thick enough to permit 
shifting of stream locations. 

Johnson has shown that the existence 
of wind gaps in line with southeast- 
flowing streams indicates a regionally 
superposed drainage which has under- 
gone disruption on a large scale without 
interruption by marine transgression 
since Schooley time. 

If the Schooley peneplain can be 
traced into the New England Upland, 
then it would seem reasonable that sur- 
faces in New England should be of fluvial 
origin and that the hypothesis of re- 
gional superposition, as outlined by 
Johnson, should find application. 

The studies of Joseph Barrell indicate 
that any fluvial peneplains which may 
have been formed in New England have 
been largely destroyed and replaced by a 
series of broad, shallow terraces cut by 
marine agencies. This hypothesis of ma- 
rine terracing is evidently incompatible 
with that of regional superposition as 
applied to the adjacent Appalachians, for 
it is difficult to see how the region imme- 
diately west of the Hudson River could 
have had a fluvial history while at the 
same time the area immediately east 
had a marine history. 

The present study is not merely an 
effort to demonstrate the presence or ab- 
sence of marine terraces but also an at- 
tempt to judge between two hypotheses. 
If marine terraces exist in southern New 
England, then serious doubt must be 
thrown on the hypothesis of regional 
superposition as applied to this and the 
adjacent Appalachians. If forms in New 
England can be assigned a simple fluvial 
origin, then further support is added to 
the hypothesis of regional superposition. 
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LOCATION OF THE AREA STUDIED 


The present examination of surface 
forms has largely been confined to the 
Western Upland of Massachusetts and 
Connecticut (Fig. 1). The area is rough- 
ly bounded on the north by the Massa- 
chusetts-Vermont border, on the east by 
the Connecticut Triassic Lowland, on 
the south by Long Island Sound, and on 
































Fic. 1.—Index map 


the west by the New York State line. In 
this area all the forms involved reach 
their most typical development. Here 
the best remnants of Barrell’s supposed 
terraces are located. If they can be shown 
to indicate marine planation, then studies 
may be extended to the Eastern Up- 
land, where, according to Barrell, ter- 
races were weakly developed or poorly 
preserved. If the terraces do not stand 
analysis in the Western Upland, there is 
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little chance of finding critical evidence 
elsewhere in New England. 

The surfaces described by Douglas 
Johnson are also well developed in the 
Western Upland. But since they extend 
southwest to the Manhattan prong of 
the New England Upland and eastward 
to the Eastern Upland, it will be neces- 
sary to consider those areas where addi- 
tional data are required. The most in- 
tensive field work by the writer has been 
confined to the Western Upland. 


THE MARINE-TERRACE HYPOTHESIS 


The recognition of a series of terraces, 
cut in the crystalline rocks of the New 
England Upland and descending step- 
like to the sea, is the basis for Barrell’s 
hypothesis of alternating marine and 
fluvial erosion. Although Barrell’s field 
studies were far from complete at the 
time of his death in 1919 and many de- 
tails of his postulated history were ten- 
tative, he and certain of his colleagues 
were convinced that the available data 
were sufficient to demonstrate the ma- 
rine origin of the New England terraces. 
Accordingly, Barrell’s abstracts, notes, 
and partially completed manuscripts 
were edited by H. H. Robinson and 
published in 1920."4 

Other investigators’ agree that New 

4 Barrell, “Piedmont Terraces in the Northern 
Appalachians,” Amer. Jour. Sci., Vol. XLIX (1920), 
pp. 227-58, 327-62, and 407-28. 

**Laura Hatch, ‘‘Marine Terraces in South- 
eastern New England,” Amer. Jour. Sci., Vol. XLIV 
(1917), pp. 319-30; Florence Bascom, “Cycles of 
Erosion in the Piedmont Provinces of Pennsyl- 
vania,”’ Jour. Geol., Vol. XXIX (1921), pp. 540-59; 
E. B. Knopf, “Correlation of Residual Erosion 
Surfaces of the Eastern Appalachian Highlands,” 
Bull. Geol. Soc. Amer., Vol. XX XV (1924), pp. 633- 
88; A. M. Pond, “Preliminary Report on the Pene- 
planes of the Taconic Mountains of Vermont,” 
16th Ann. Rept. Vt. State Geol. (1927-28), pp. 292- 
314; H. A. Meyerhoff and M. Hubbell, “The Ero- 
sional Landforms of Central Vermont,” 16th Ann. 
Rept. Vt. State Geol. (1927-28), pp. 315—81. 
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England and the adjacent area exhibit 
multiple terraces. Some variation is in- 
troduced in connection with higher ter- 
races, which are generally considered to 
be fluvial in origin. None of these inves- 
tigators attempts a critical analysis of 
the data upon which their conclusions 
rest. A paper by J. L. Rich” appears to 
accept Barrell’s terraces but offers a 
somewhat different history to account 
for their preservation. 

In view of the importance assigned to 
these supposed terraces, it appears neces- 
sary to subject the evidence for their 
existence to a more careful scrutiny than 
has heretofor been attempted. 


DEVELOPMENT OF BARRELL’S HYPOTHESIS 


Barrell, working on the physiography 
of the Housatonic folio in 1909~10, did 
not recognize marine terraces but inter- 
preted the landscape in terms of the up- 
land and lowland peneplains of Davis. 
In 1tg11 field work in western Connecti- 
cut and southwestern Massachusetts led 
to the same interpretation. Barrell was, 
however, on the watch for a Cretaceous 
shoreline, since he had presented evi- 
dence that Cretaceous beds had former- 
ly extended farther inland than their 
present outcrop in adjacent areas. Seek- 
ing to determine the elevations of the ac- 
cepted peneplains and possibly to find 
the expected shoreline, Barrell’? con- 
structed a projected profile covering a 
broad zone in southwestern Connecticut. 
This profile showed a pattern which 
could be interpreted as a series of steps 
or terraces. Extension of similar profiles 


6 “Recognition and Significance of Multiple 
Erosion Surfaces,” Bull. Geol. Soc. Amer., Vol. 
XLIX (1938), pp. 1695-1721; see especially pp. 
1714-17. 


17 “Geologic History of the Archean Highlands 
of New Jersey” (unpublished Master’s thesis, Yale 
University, 1896), chap. viii, Part II. 
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over the whole western upland led Bar- 
rell to the conclusion that eleven benches, 
all of marine origin, could be distin- 
guished. 

The work thus started in New England 
was extended to the Maryland Pied- 
mont and Coastal Plain. Here Barrell, 
using similar profiles, found similar 
benches which he correlated with the 
numerous unconformities in the coastal- 
plain sediments. The Piedmont benches 
trend parallel to the structure and could 
thus be explained by structural control. 
This was not believed to be true for the 
New England terraces, which were 
thought to be oblique to the structural 
trends, which are themselves oblique to 
the shoreline. Barrell found that the 
elevations of the New England terraces 
roughly coincided with those in Mary- 
land, and from this he concluded that 
the structural control of the Maryland 
terraces was more apparent than real. 
He also believed that unconformities in 
the coastal-plain sediments could be 
used to date the terraces in both areas. 
On the basis of the terrace levels and 
unconformities, Barrell worked out the 
following tentative history for New 
England. 

The sea advanced over the Cretaceous 
peneplain to the base of the Mount 
Greylock monadnock in Massachusetts, 
to cut the Becket terrace, now 2,400 feet 
above sea-level. This terrace was be- 
lieved to be higher than the peneplain, 
which was considered to be partly pre- 
served at an elevation of about 2,000 feet 
in an area east of the Hoosac Range and 
near the Deerfield River. 

A slight emergence and subsequent 
stability resulted in cutting of the Ca- 
naan terrace, now at 2,000 feet. 

A much greater emergence then caused 
the shoreline to retreat far to the south, 
somewhere beyond the present shore- 
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line. The emergence was followed by 
mature fluvial dissection. 

The sea then advanced over the ma- 
turely dissected land, which later re- 
mained stable long enough to permit ma- 
rine agents to cut the Cornwall terrace, 
now at 1,720 feet. 

The sea next retreated to the vicinity 
of the present shoreline, and streams 
again maturely dissected the land. Later 
submergence permitted marine agents 
to cut the Goshen terrace, now at 1,380 
feet. 

The terraces below the Goshen level 
are ascribed to successive emergences, 
with the possibility that the last four 
may have been due to eustatic changes. 
The names and levels are as follows: 
Litchfield, 1,140 feet; Prospect, 840 feet; 
New Canaan, 380 feet; Sunderland, 24¢ 
feet; Wicomico, 120 feet. The elevations 
given are for the inner margins of the 
terrace treads. All the terraces are de- 
scribed as sloping seaward between 2 
and 8 feet per mile." 

It is important to remember that 
many of the terraces were supposedly 
formed after submergence of a maturely 
dissected land mass. Wave-cut terraces 
should, under these circumstances, have 
been developed first on islands and head- 
lands. If the marine cycle progressed to 
maturity, the terraces should have be- 
come more continuous. But any such con- 
tinuous terraces, if they ever were 
formed in New England, must since have 
been badly cut to pieces by stream dis- 
section. In the nature of the case, there- 
fore, it is impossible to determine wheth- 
er the terraces were continuous at the 
time of their formation. Whether or not 
there was original continuity, the ter- 
races today must be recognized, if at all, 
by remnants which are small in propor- 
tion to the intervening areas. 


8 Barrell, pp. 413-16 of ftn. 5 (1920). 
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If remnants of this kind are to be used 
to fix the positions of former shorelines, 
it must be demonstrated that they are of 
marine origin. A fair test of the marine 
origin of cliffs and benches may be ap- 
plied by considering the effects of marine 
erosion on present shorelines and the re- 
sults of later elevation of these features. 
With a clear idea of what should be ex- 
pected to demonstrate the marine origin 
of cliffs and benches, it will then be ap- 
propriate to consider evidence for New 
England. 


CRITERIA FOR THE RECOGNITION OF ELEVATED 
MARINE CLIFFS AND BENCHES 

Elevated marine shorelines, developed 
on a formerly submerged sloping upland 
of complexly folded crystalline rocks, 
might be recognized by the following 
features: 

1. High-level benches which abut against 
steep cliffs—Such benches may be used 
if they bevel the structure and have 
considerable areal extent. Small local 
benches abutting against steep cliffs and 
beveling structure may arise from nu- 
merous fortuitous causes, such as joint- 
ing, exfoliation, slumping, et cetera— 
common in regions of complex structure. 
Minor benches, therefore, have no value 
as shoreline indicators. If large benches 
have been formed but later have been 
cut up by stream erosion, and the re- 
sulting hills are rounded by weathering, 
they are without value as indicators of 
former sea-levels, since there is nothing 
left to distinguish such hills from other 
rounded hills in the region. Isolated 
benches far from the supposed sea cliffs 
cannot fix the elevation of a former 
shoreline, since the bench may have 
been developed at an unknown depth be- 
low the supposed marine level, depend- 
ing on the slope of the marine profile of 
equilibrium. All benches should slope 
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seaward if they are of marine origin and 
have not been reversed in slope by sub- 
sequent warping. 

It must also be shown that neither the 
bench nor the adjoining cliff has had its 
development controlled by structure or 
changes in rock type. Benches and cliffs 
attributable to such origin must ex- 
hibit specific marine features (undoubted 
wave-cut notches, sea caves, stacks, or 
marine deposits) before they can be used 
as shoreline indicators. 

In judging the value of benches 
as evidence for former shorelines, the 
benches in question should be compared 
with others of similar size but so located 
as not to lend themselves to the marine 
interpretation. If it be found that the 
area contains similar or better benches 
at different elevations than those in ques- 
tion, or has similar benches facing away 
from the sea, or occurring in narrow 
estuaries, or sloping landward, then the 
value of the original benches as indi- 
cators of former shorelines is doubtful. 
This must be true when there is nothing 
to distinguish the benches attributed to 
marine action from others in the area 
which cannot be so interpreted. 

If a broad, seaward-sloping bench is 
present, it should not be separated from 
the adjoining cliff by a sharply localized 
depressed area, unless such areas are 
underlain by weak rocks. Otherwise, it 
is highly improbable that the inner 
margin of a marine bench would be 
separated from its adjacent sea cliff by 
later fluvial processes before other parts 
of the bench were destroyed. The inner 
margin of a wave-cut bench normally 
has a steeper slope than parts farther out, 
is veneered with marine sand or gravel, 
and, when the sea withdraws, is likely 
to be protected by talus and slopewash 
from the sea cliff. Under these conditions 
streams should have great difficulty in 
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isolating the bench from the cliff unless 
the line of contact follows some struc- 
tural or compositional weakness. If a 
weak zone is present, specific marine ero- 
sional features must be found before one 
may use the bench as an indicator of a 
former shoreline. Numerous depressions 
separating cliff from bench, where no 
marked structural weakness is present, 
are strong evidence against the marine 
hypothesis. 

2. Cliffs whose marine origin is ade- 
quately attested by the presence of wave-cut 
notches, sea caves, and stacks.—Weather- 
ing and erosion may in time destroy 
notches and sea caves in a true marine 
cliff. In such event the marine origin of 
the cliff is difficult to demonstrate. This 
is especially true if the region exhibits 
abundant similar cliffs whose bases are 
at many levels different from those at- 
tributed to marine erosion or in positions 
not exposed to effective wave attack. 
Hills interpreted as stacks or offshore 
islands should rise from seaward-sloping 
benches. 


CORRELATION OF TERRACE REMNANTS 


If in a given region there are benches 
and cliffs which measure up to the stand- 
ards enumerated above, it may fairly be 
concluded that marine erosion has modi- 
fied the region to the extent indicated by 
the specific remnants. If the remnants 
are closely spaced areally and if their 
inner marginal elevations are accurately 
determinable, it may be possible to con- 
nect adjacent remnants to establish a 
former sea-level, if not a former shore- 
line. Such former sea-level positions may 
now be either horizontal or inclined, de- 
pending on whether crustal warping has 
affected them. 

If the marine-terrace remnants are 
widely spaced, under no circumstances 
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is it permissible to join such remnants 
with horizontal lines to support the in- 
terpretation that the terraces were once 
continuous and are oblique to the struc- 
ture. Such lines are drawn on the basis of 
two assumptions: first, that the terraces 
were formerly continuous and, second, 
that they were uplifted without warping. 
Since neither of these two assumptions 
can be verified, any such lines must be 
considered as purely imaginary and as 
having no known relation to topographic 
or geologic elements. These lines, being 
imaginary, cannot be used as supporting 
evidence for the marine hypothesis, even 
if they do run oblique to structural 
trends. The marine hypothesis must be 
judged solely on the basis of the indi- 
vidual remnants of benches and cliffs. 

If the remnants are widely spaced, it 
should be evident that many different 
correlations of the individual remnants 
may be possible under various assump- 
tions of differential uplift. And if many 
correlations can be made, none of the 
restorations is a safe indicator of former 
sea-level, much less of the position of a 
former shoreline. 

With these considerations clearly in 
mind, we may proceed to examine the 
evidence for the marine hypothesis in 
southern New England. 


ANALYSIS OF LABORATORY EVIDENCE 


Barrell’s studies succeeded in em- 
phasizing one point upon which there is 
general agreement: that the upland is 
not a smoothly sloping, dissected plane. 
That fact is amply attested by profiles 
and by field observations. Not only do 
the regional slopes vary in direction and 
amount, but there are many localized 
undulations in areas where the regional 
slope is fairly constant. Before any of 
these local undulations are accepted as 
remnants of marine terraces, it must be 
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shown that specific evidence exists which 
admits of no other interpretation. 


Since the marine-terrace hypothesis 
as applied to New England was born 
from the study of maps and profiles, an 
analysis of this method of study is of 
primary importance. 

The regional profile used by Barrell 
was of the projected type and covered 
an area in Massachusetts and Connecti- 
cut from one to one and one-third quad- 
rangles wide, extending from Mount 
Greylock, Massachusetts, to Long Island 
Sound (Figs. 1 and 2). Such a single 
projected profile will be called by the 
writer a “composite projected profile.” 
The method of its construction is thus 
described in the text of Barrell’s paper 
and in an editorial note by Robinson: 


A strip of cross-section paper is fastened 
parallel to the lower edge of a drawing board 
and the topographic sheet is fastened above so 
that the direction of view is at right angles to 
the length of the section and thus parallel to a 
T square placed against the lower edge of the 
board. The area to be projected is outlined and 
the contours which cut the front edge of the 
block are projected first to give the foreground. 
.... Then the topography beginning at the 
front and working toward the back of the block 
is systematically projected onto the cross-sec- 
tion paper with the aid of the T square. Each 
successive belt of topography shuts out all be- 
hind it'® except the higher elevations, thus in- 
dicating what features are to be projected as the 
work progresses... .. 

[EprroriAL Norte (By H. H. Rosinson): It 
should be said in regard to projected profiles 
that they are objective with respect to sum- 
mit elevations but that the slopes may or may 
not be truly shown. There is room to exercise 
considerable judgment in the selection of slopes. 
The case may also arise where it is advisable lo 
omil a prominent object in the foreground be- 
cause it hides too much of the country behind, 
or if it seems desirable to retain it,° the topog- 
raphy hidden by it may be indicated by a dotted 


19 Italicized by the present writer. 


20 Ttalicized by the present writer. 
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line. A projected profile....calls for the 
exercise in some degree of the pictorial sense].?! 

The method outlined above is charac- 
terized by H. H. Robinson, the editor 
of Barrell’s posthumous paper, as being 
“more free than others from the sub- 
jective defect of picking and choosing 
the facts.” This is far from true, for 
several reasons. First, a direction of view 
is chosen ‘‘which is best adapted to show 
the character of the culminating upland 
surface, as to whether it is a plane or a 
series of planes.’’ The fact that the in- 
vestigator chooses a particular direction 
of view indicates the subjective basis of 
the procedure. He must have an opinion 
as to the presence of terraces and their 
trend before he can select the direction 
of profiling that will best reveal their 
character. 

The statement that a test is being 
made between a “plane or a series of 
planes” is misleading. Actually the ques- 
tion is whether the surface is a peneplain 
or a series of planes. Purely local irregu- 
larities of a tilted fluvial peneplain may 
well appear as terrace-like forms where 
the direction of view is normal to the 
slope of the surface (Fig. 3). Profiles 
made in this direction are inadequate 
to distinguish between a sloping pene- 
plain and a series of planes. They must 
be supplemented by other profiles, look- 
ing up the slope of the surface, before 
one can distinguish between local irregu- 
lar swells on a peneplain and extensive, 
systematic terface remnants. 

Another subjective element in the 
composite projected profile is the re- 
tention or omission of hills according to 
“desirability.”” If such a choice is per- 
mitted the investigator, it seems in- 
evitable that he must tend to omit hills 
which do not fit into the terrace picture 
and which obscure hills farther away 


21 Barrell, pp. 243-44 of ftn. 5 (1920). 
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that would fit into the picture. Certainly, 
this is “picking and choosing the facts”’ 
to be represented as of significant value. 
A really objective profile would show the 
upland hills without selection and would 
be constructed without any single hy- 
pothesis in mind. 

The. subjective nature of the com- 
posite projected profile is further indi- 
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Fic. 3.—Composite projected profiles of scattered 
hills on a sloping plane, using vertical exaggerations 
of 40, 25, and 10 times (Barrell’s method of projec- 
tion). Dashed lines indicate the position of apparent 
dissected terraces. The hill slope appearing as the 
terrace riser seems to steepen as the vertical exag- 
geration is increased. 


cated when it is noted that Barrell found 
it necessary to go beyond the area out- 
lined for profiling to take in certain hills 
the inclusion of which strengthens the 
evidence for one of the terrace levels 
(Fig. 2). The need for going outside the 
stated area (a whole quadrangle) to find 
support for a terrace level implies not 
only that the evidence for that terrace 
is weak but also that a single hill or 
group of hills may, on the composite pro- 











file, give an appearance of terracing not 
supported by the topography as a whole. 

An additional reason for doubting the 
efficacy of the composite projected pro- 
file is the dependence of the investigator 
on a single major projection. If errors in 
drafting are made, they may lead to 
erroneous interpretations upon which no 
check is available. In redrawing Bar- 
rell’s profiles the writer found one or two 
errors, which, although not serious, were 
sufficient to demonstrate the dangers in- 
herent in the composite projected profile. 

A final deficiency in Barrell’s type of 
profile involves the method of projec- 
tion. Since the map is placed at an angle 
to the cross-section paper, distances in 
some cases are foreshortened. This re- 
sults in a steepening of slope beyond that 
implied in the stated vertical exaggera- 
tion. Such steepening tends to favor the 
terrace hypothesis by increasing the ap- 
parent slopes of hills interpreted as ter- 
race risers (Fig. 3). 

For the reasons stated above, the 
writer is forced to conclude that the com- 
posite projected profile used by Barrell 
gives a distorted, incomplete, and dan- 
gerously subjective representation of the 
surface. By itself, such a profile indicates 


only certain topographic inflections, 
which may or may not be the product of 
terracing. 


Barrell apparently realized some of the 
limitations of the type of profile he em- 
ployed, for he supplemented the profile 
by tracing the supposed terrace levels 
across topographic maps of the region. 
This was done by connecting with con- 
tinuous lines the inner margins of specific 
isolated “‘terrace remnants.” The result- 
ing regional terraces are shown in gener- 
alized form only, on a small index map 
(Fig. 1, Barrell). Unfortunately, terrace 
remnants are specifically named and lo- 
cated for but one small area. The other 
remnants must be searched for on topo- 
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graphic maps. By comparing these maps 
with Barrell’s index map it has been 
possible to find most of the hills inter- 
preted by him as terrace remnants, al- 
though some seem to be out of place and 
others could not be found. 

It soon became apparent that the in- 
dex map gives a false impression of the 
relative size and spacing of the supposed 
terrace remnants. This is because on the 
index map the symbols for the rem- 
nants are generalized and drawn on a 
greatly magnified scale, in order to make 
them clearly legible. Actually the rem- 
nants are very small in most cases, and 
the distances between them very great 
(Fig. 4, A and B). 

As shown in the previous section, it is 
not permissible under any circumstances 
to assume that widely spaced terrace 
remnants can be joined by a line to indi- 
cate a former shoreline. Only when the 
marine origin of the remnants has been 
demonstrated and the proper correlation 
of these remnants has been fully estab- 
lished can a line connecting them be in- 
terpreted as marking a former margin 
of the sea. Barrell’s strongest argument 
for the marine origin of his supposed re- 
gional terraces was that they cut oblique- 
ly across belts of varying resistance. 
But it should be fully appreciated that 
there are neither terraces nor terrace 
remnants traversing the lithologic belts 
of the New England Upland. The only 
things traversing those belts obliquely in 
a northeast-southwest direction are the 
lines of interpretation drawn by Barrell 
to connect isolated and widely spaced hill 
slopes regarded by him as terrace rem- 
nants. 


EXAMINATION OF THE SUPPOSED MARINE- 
TERRACE REMNANTS 


Since lines connecting supposed ter- 
race remnants have significance as for- 
mer shorelines only in case the remnants 
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can be shown to be of marine origin and 
in case the proper correlation of rem- 
nants can be fully established, it is perti- 
nent first to examine the remnants, in 
order to determine their probable origin. 
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scarps and ridgetops which have been 
interpreted by Barrell as remnants of 
marine terraces. 

Although several high-level benches 
appear on Barrell’s profile, only small 
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Fic. 4.—(A) Terrace restorations, redrawn from Barrell’s “Piedmont Terraces,” Fig. 1 (p. 247 of ftn. 5 
[1920]). Long dashes represent stretches where the supposed terrace remnants are closely spaced but not 
necessarily continuous. Dots represent stretches where no remnants can be found. (B) The present writer’s 
detailed plotting of supposed terrace remnants, taken from topographic maps. 


The marine hypothesis can best be tested 
by applying the standards set up in a 
previous section to determine the marine 
origin of elevated cliffs and benches. We 
then turn to an examination of certain 





areas of two supposed terrace remnants 
are illustrated with a map.” This map, 
reproduced here as Figure 5, A, shows a 
portion of the Goshen terrace believed 
22 Tbid., p. 255, Fig. 6. 
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by Barrell to have its inner margin now 
at an elevation of 1,380 feet and a por- 
tion of the Cornwall terrace with an out- 
er margin now at 1,680 feet. Shaded to 
represent terrace remnants are all areas 
between 1,300 and 1,380 feet and be- 
tween 1,600 and 1,680 feet. Hili slopes 
ranging through 80 feet of altitude are 
thus included. No known marine ter- 
races have such surface relief. If it be as- 
sumed that the hills represent dissected 
remnants of a terrace, only the higher 
hilltops, if any, should be shaded as 
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The remaining areas, interpreted as 
remnants of the Goshen terrace, nowhere 
abut against steep cliffs but are sepa- 
rated from the nearest scarps by valleys 
cut below the supposed marine level. 
Furthermore, the hills regarded as ter- 
race remnants are not flat-topped. They 
are gently rounded and cannot be dis- 
tinguished from other near-by hills not 
regarded as preserving marine levels. 
Two long, gently rounded ridges, one of 
which abuts against Ivy Mountain, Con- 
necticut, suggest a level 100 feet higher 
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Fic. 5, 4.—Map showing remnants of the sup- Fic. 5, B.—Map by the present writer showing 


posed Cornwall terrace between 1,600 and 1,680 
feet (solid black) and of the supposed Goshen ter- 
race between 1,300 and 1,380 feet (diagonal ruling). 
After Barrell’s Fig. 6 (p. 255 of ftn. 5 [1920]). 


parts of the terrace. Or if the hills are 
interpreted as unconsumed remnants ris- 
ing above the terrace level, only the 
lower land around them should be de- 
picted as representing the terrace. When 
the supposed terrace remnants are thus 
restricted and are plotted at the assumed 
marine levels with due respect for the 
seaward slope postulated by Barrell, the 
areal extent of the supposed Goshen 
“bench” remnants is so enormously 
diminished as to cast grave doubt on 
their significance (Fig. 5, B). The same 
must be true in even greater measure 
for other “bench” remnants less clear- 
ly developed. 





actual summit areas at the elevations selected by 
Barrell as being those of terrace treads. Symbols 
same as in Fig. 5, A. 


than the supposed Goshen level (Fig. 
5, A). Examination indicates that this 
intermediate level, like the levels inter- 
preted by Barrell as marine terraces, is 
only locally developed and cannot be 
traced across the upland to correlate with 
similar features. It thus appears that 
in the Goshen area, especially chosen 
by Barrell to demonstrate good marine 
terrace remnants, the existing hilltops 
and scarps fail to show any features 
which can safely be accepted as evi- 
dence of marine erosion. 

Unfortunately, other bench areas are 
not figured in Barrell’s paper. The writer 
has sought examples of flat areas of large 
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dimensions abutting against steep cliffs, 
sloping seaward and not controlled by 
structure and rock composition. No such 
features have been found. There are 
broadly rounded hilltops near the hypo- 
thetical shorelines; but these are off the 
assumed levels, are in the wrong posi- 
tion, or slope in the wrong direction to fit 
the marine-terrace hypothesis. It should 
be realized that most of the so-called 
“flat” areas referred to by Barrell?’ or in- 
terpreted from contour maps are, in re- 
ality, broadly rounded hilltops which 
need not imply the former existence of 
any bench or terrace tread. Most of 
these “flats” are separated from the 
nearest scarps by valleys—a condition 
not expectable under the marine hy- 
pothesis, for reasons earlier discussed. 

Consideration of the areas cited above, 
as well as of other areas reported in this 
paper, and extended study of topograph- 
ic maps lead to the conclusion that none 
of the broadly rounded hilltops show 
features confirming the marine-terrace 
hypothesis. Many of the best examples 
are above or below the supposed terrace 
levels. Others slope inland, and _ still 
others are in localities which would have 
been cut off from effective wave attack. 
In general, there is nothing which dis- 
tinguishes the supposed sea cliffs and 


_ benches from any other cliffs and benches 


not regarded by Barrell as of marine 
origin. 

In addition to the map of the Goshen 
area presented by Barrell and dis- 
cussed above, several composite project- 
ed profiles of small areas are included in 
Barrell’s paper on piedmont terraces. 
These profiles were especially chosen 
from a large number to show the best 
available benches and risers. Before dis- 
cussing the individual profiles, it should 
be recalled that individual profiles of 


* Ibid., pp. 252 and 256. 
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small isolated areas are not sufficient to 
demonstrate the regional nature of ter- 
races. At best, they can only suggest 
possible marine levels. Such supposed ma- 
rine levels must be adequately checked 
by profiles of intermediate areas to de- 
termine with what consistency they are 
maintained. 

Examination of the published profiles 
(Barrell’s Figs. 2, 3, 4, 7, and 8) raises 
doubt as to whether the topography in- 
dicates terracing of a marine nature. 
Barrell’s Figures 2, 7, and 8 show areas 
on the Fall Zone where the regional 
slope is fairly steep—about 50 feet per 
mile (Fig. 7, A, of present report). The 
terraces are stated by Barrell to be weak- 
ly developed, most of them being con- 
sidered as “re-entrant” and therefore not 
likely to show good breaks in slope on 
the profile. It may well be asked why 
poorly developed marine terraces in re- 
entrant areas should be selected for cita- 
tion, since it is generally agreed that the 
earliest wave attack is concentrated on 
headlands and that major terracing is 
accomplished here. 

Barrell’s Figure 3 (Fig. 7, B, of pres- 
ent report) shows an area just west of 
the Connecticut Lowland near the inner 
margin of the Fall Zone. At first glance, 
the rise in slope from the 700-foot to 
the goo-foot level appears to support 
the marine-terrace hypothesis, because 
the rise is steep and joins broad, flattish 
areas to the north and south. Compari- 
son of the profile with map and field 
data demonstrates defects of the com- 
posite projected profile and indicates 
that in this area there is little support 
for the supposed marine terrace. A hill 
erroneously labeled “Huntington Hill” 
(actually an unnamed ridge east of 


Straitsville) is located in an area that 


Barrell found necessary to include in his 
general profile in order to support the 
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Fic. 6.—Widths of the supposed térrace zones in western Connecticut: supposed terraces—diagonally 
ruled; supposed risers separating terraces—blank. At only a few places are the terraces broad with respect 


to the separating risers. Riser slopes are predominantly gentle, as indicated by the great width of the riser 
zones. 
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Fic. 7—(A) Barrell’s Fig. 2 (p. 252 of ftn. 5 [1920]). Projected profile of parts of the Stamford and 
Norwalk quadrangles, showing the Sunderland (200-240 feet), Pitcher Mount (280-320), New Canaan 
(340-80), and Appomattox (480-520) terraces. View looking N. 45° E. 

(B) Barrell’s Fig. 3 (p. 253 of ftn. 5 [1920]). Projected profile of parts of the Derby and New Haven 
quadrangles, showing the Towantic (700-740 feet) and Prospect (840-80 feet) terraces. View looking east. 
Huntington Hill is correctly located. 

(C) Barrell’s Fig. 4 (p. 253 of ftn. 5 [1920]). Projected profile of parts of the New Milford and Water- 
bury quadrangles, showing parts of the Litchfield (1100-1140 feet) and Goshen (1340-80 feet) terraces. View 
looking N. 55° E. (Captions taken directly from Barrell’s figures.) Elevations given in hundreds of feet. 
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940-foot terrace level. As previously 
noted, the need for including this hill, 
lying outside the main area profiled, im- 
plies that the evidence elsewhere is weak. 
Were the hill to be omitted from the 
profile, the real Huntington Hill to the 
west, together with Woodruff Hill, would 
appear as gentle swells on the upland. 
Woodruff Hill is separated from the 
nearest 700-foot rounded ridge by a deep 
valley, clearly shown on the topographic 
map. The unnamed ridge east of Straits- 
ville descends at its southern end toa 
small flat at 680 feet, which appears 
from the map to abut against a steep 
slope. Field examination shows that a 
deep valley, not shown on the map, 
separates the flat from the scarp. Hunt- 
ington Hill drops gently down to a 
flattish ridge at 700 feet. In addition to 
the relations between steep and gentle 
slopes just discussed, it should also be 
noted that the lines on the profile indi- 
cating flat-topped ridges are misleading, 
since the ridges in question actually are 
not flat-topped but gently rounded. 

It is significant that the higher hills in 
this region are located near the axes of 
plunging folds. Nothing distinguishes 
the seaward-facing slopes of these hills 
from others in the area. In fact, the 
general topography consists of striking- 
ly curved ridge patterns, such as are 
normally developed by subaerial ero- 
sion of plunging folds. This aspect of the 
topography is in no way revealed by the 
composite projected profiles. In the ab- 
sence of definite marine features, and 
for the reasons stated above, the appar- 
ent sharp break in slope shown on this 
profile cannot be considered evidence 
for a marine terrace. 

Barrell’s Figure 4 (Fig. 7, C, of pres- 
ent report) shows portions of the sup- 
posed Goshen terrace (1,380~-1,340 feet) 
and the supposed Litchfield terrace 
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(1,140-1,100 feet) in the vicinity of 
Mount Tom, Connecticut. Near the 
southern end of the profile there ap- 
pears to be a reasonable amount of up- 
land surface between 1,100 and 1,140 
feet for a distance of 4 miles. Farther 
northward, elevations are lower; and, 
with the exception of Mount Tom itself, 
a broad hollow separates the 1,100-foot 
areas to the south of the hollow from 
those at 1,340 feet to the north. This 
hollow is a real feature, extending for 
several miles in a northeast-southwest 
direction, and is easily visible in the 
field. It is located where either a bench 
remnant at 1,140 feet or one at 1,340 feet 
should be present to support the ma- 
rine-terrace hypothesis. Actually, the 
nearest rises on the north side of the 
hollow are several miles from the flattish 
areas at 1,100 feet to the south. Since 
there is so wide a separation of sup- 
posed sea cliff from supposed wave-cut 
bench, there is no possibility of demon- 
strating the marine origin of the forms 
present. 

Mount Tom itself was considered by 
Barrell to be a stack or offshore island: 
Such features can be recognized only if 
they rise above wave-cut benches or 
have wave-cut notches at their bases. 
It has already been noted that Mount 
Tom rises from a hollow extending 100 
feet or more below the supposed marine 
level. It cannot then be shown to rise 
from a platform of marine origin. Nor 
can wave-cut notches be observed in the 
field near the base of the mountain at 
the supposed marine level. All forms are 
of the normal subaerial type. Nowhere 
is there evidence of marine modification 
of subaerial forms. 

If the considerations set forth on the 
preceding pages are valid, none of the 
profiles published by Barrell demonstrate 
the marine origin of forms in southern 
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New England. Since these profiles were 
selected by Barrell as the best among a 
larger number prepared by him, it must 
be concluded that the evidence offered in 
support of marine terracing in southern 
New England is far from convincing. 


AN ALTERNATIVE METHOD OF VIEWING 
THE SURFACE 

It may be urged that terraces would 
be visible if some better method of repre- 
senting the upland surface were avail- 
able. Such a method has been devised 
and applied to New England by Pro- 
fessor Douglas Johnson. This is the 
method of “multiple projected profiles,” 
based on the construction of a large 
number of closely spaced projected pro- 
files of belts of very limited width. Each 
profile shows the high points in a narrow 
zone, viewed from any direction the in- 
vestigator finds convenient. After the 
profiles are drawn, they are transferred 
to stiff cardboard, cut out to show the 
relief, and then mounted on standards at 
intervals corresponding to the width of 
the zone. By this method a three-dimen- 
sional picture of the upland is made 
available. 

Multiple projected profiles and the pic- 
ture they present to the eye are almost 
entirely free from subjective influences. 
No particular orientation of the profiles 
is required, for, while a direction of view 
at right angles to the geologic structure 
or to the trend of terraces offers certain 
advantages, the final result, being in any 
case three dimensional, will reveal ter- 
races if such exist, regardless of the 
direction selected. While individual pro- 
files are being constructed, the projec- 
tion of points is done in a purely me- 
chanical manner and with no hypothesis 
in mind. There are few chances for error 
in construction or for omission of sig- 
nificant points. If occasional errors are 
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committed, they are of minor impor- 
tance, because the determination of 
forms present does not depend on a 
single line, as may be the case with a 
composite projected profile. Each pro- 
file of a multiple projected series is auto- 
matically checked by others on either 
side of it. 

The great difficulty with multiple pro- 
jected profiles is their cost in time, labor, 
and money. The writer has been spared 
this cost because, many years ago, Pro- 
fessor Johnson began experimenting with 
various kinds of profiles in order to dis- 
cover the particular type, scales, and 
zoning best calculated to render an ef- 
fective picture of the New England Up- 
land. In the light of these studies and 
with the aid of grants from the Columbia 
University Fund for Research, Professor 
Johnson prepared two sets of profiles, 
each covering all of New England south 
of Vermont and New Hampshire. One 
set, trending north-south, was prepared 
by projecting parallel zones of terrain 
each 2 miles wide (Fig. 8). The other 
set, trending east-west, projects parallel 
zones each 1 mile wide (Fig. 9). These 
multiple projected profiles were placed 
at the writer’s disposal. 

Both sets of profiles have been studied 
by the writer, special attention being 
paid to the Western Upland, where the 
supposed marine terraces are considered 
by Barrell to be best preserved. This 
examination shows that, when the pro- 
files are viewed in the same direction as 
that used in the construction of Bar- 
rell’s composite projected profile, breaks 
in slope corresponding to those selected 
by Barrell can be seen. But when the 
multiple projected profiles are viewed 
from different directions and from differ- 
ent elevations, no continuous breaks in 
slope and nothing resembling remnants 
of terrace treads can be traced across 
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the upland. The general impression 
gained from the multiple profiles is one 
not of terracing but of a subdued sur- 
face with irregular undulations. Many of 
the swells having linear extension trend 
oblique to Barrell’s terrace trends, while 
many of the flatter areas do not slope 
seaward. The multiple projected profiles 
reveal many elements of form which do 
not appear on the composite projected 
type, but they fail to confirm the ex- 





Fic. 9.—Multiple projected profiles (by Johnson), east-west set of western Connecticut and Massa- 
chusetts north of the Fall Zone, looking north. C, Connecticut Lowland; W, Western Upland; £, Eastern 
Upland; P, Pomperaug Valley, Triassic; M@, Mount Tom, Connecticut, hollow; W, Winsted, Connecticut, 


hollow; and L, Litchfield surface. 


istence of marine terraces in New Eng- 
land. This led to Johnson’s early con- 
clusion that the supposed marine ter- 
races were nonexistent. 


ANALYSIS OF FIELD EVIDENCE 


After a critical study of topographic 
maps and composite projected and mul- 
tiple projected profiles, the writer found 
that none of the evidence pointed to the 
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existence of regional terraces of marine 
origin. But it would have been prema- 
ture to discard the marine-terrace hy- 
pothesis simply from the study of topo- 
graphic maps and their derived profiles. 
This is especially true where the maps 
themselves are known to be somewhat 
inaccurate representations of the topog- 
raphy. It was recognized that marine 
features might exist which were lost in 
the mapping. 


To guard against this possibility, the 
writer prosecuted field work in the West- 
ern Upland and in portions of the East- 
ern Upland in an effort to find evidence 
of marine terracing. Most of the work 
was done near the lines drawn by Bar- 
rell to represent margins of the supposed 
terraces, but other areas of possible ma- 
rine cliffs and benches were studied 
where maps indicated their possible pres- 
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ence. Some sixty “‘remnants” along Bar- 
rell’s lines were investigated. 

None of these areas showed marine 
features such as sea caves, wave-cut 
notches, stacks, or marine deposits. None 
of the supposed sea cliffs could be dif- 
ferentiated from other scarps not regard- 
ed as sea cliffs by Barrell, whether on 
the basis of steepness, height, length of 
base, levelness of base, obliquity to rock 
structure, or contact with benches. 
Benches in these areas are small, and 
many slope in the wrong direction or are 
on the landward side of hills. Supposed 
bench areas are, in many cases, sepa- 
rated from the nearest scarps by marked 
depressions, some in areas where no de- 
pression is indicated on the maps. In 
brief, extended field examination adds 
nothing to the evidence in favor of the 
existence of marine terrace remnants in 
New England. 


¥ONCLUSIONS ON THE MARINE-TERRACE 
HYPOTHESIS 


On the basis of map, profile, and field 
study the writer concludes that the sup- 
posed terrace remnants postulated by 
Barrell on the basis of his composite pro- 
jected profile are, for the most part, in- 
significant features of the landscape 
which do not extend far across the up- 
land and that, even where linear topo- 
graphic inflections extend for some dis- 
tance, their marine origin cannot be 
demonstrated. The marine levels predi- 
cated by Barrell and the restored shore- 
lines based on them do not appear to 
rest on an adequate foundation of recog- 
nizable facts. All the forms observed find 
full and normal explanation on the basis 
of a continuous fluvial history. The geo- 
morphic history postulated by Barrell, 
involving alternate marine and fluvial 
cycles, must accordingly be regarded as 
of doubtful validity. 
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FACETS OF THE NEW ENGLAND UPLAND 


While valid evidence of a group of 
marine terraces on the New England 
Upland is lacking, one may distinguish a 
number of clearly developed “‘facets’’ of 
the upland surface, sloping at different 
angles. Some of the facets are separated 
from neighboring ones by steeper slopes, 
which may or may not be significant of 
the origin of the facets. The existence of 
such facets was early recognized by 
Douglas Johnson” from his study of mul- 
tiple projected profiles. Examination of 
Barrell’s composite projected profile (Fig. 
2) indicates that to the north of the 
point M a mountain group rises abruptly 
far above the adjacent upland level, per- 
haps as a monadnock mass surmount- 
ing the surrounding peneplain. Between 
M and L the culminating hills of the 
dissected upland are strongly undulat- 
ing, with no definite indication of ter- 
race forms. If terraces ever did exist in 
this area, they have been so cut to pieces 
by stream erosion that they cannot now 
be distinguished from irregular swells 
on the sloping peneplain. At Z there is 
a decided steepening of slope, south of 
which the culminating hills extend, with 


only minor breaks in the more gentle f 


regional slope, to the point S. While a 


few broad valleys in this sloping facet f 


leave higher hills to the north rising 
above lower hills to the south, thus giv- 
ing a crude suggestion of terracing at 
one or more points, no undoubted ter- 
races exist. South of S, the regional slope 
is notably steeper; but indications of 
terraces, as admitted by Barrell, are 
even weaker than elsewhere. This more 
steeply sloping facet has long been recog- 
nized as the Fall Zone peneplain, which 
intersects the less steeply sloping upland 
peneplain (Schooley?) at S. The only 
clear indication of a regional terrace 
24 Pp, 131-32 of ftn. 8 (1929). 
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shown on Barrell’s composite projected 
profile (Fig. 2) is the broad upland facet 
extending from L to S. It is a reasonably 
even surface of moderate slope, ter- 
minated landward and seaward by no- 
tably steeper slopes. It does not corre- 
spond to any of Barrell’s supposed ter- 
races, being a broader feature of great 
areal extent. The question of its origin 
will not be considered at this time. 

The regional extent of Barrell’s sup- 
posed marine terraces (Fig. 2) may be 
determined by extending the inner and 
outer margins of the supposed terraces 
across the upland. This may be done 
directly on topographic maps by plotting 
the hills which rise to the levels selected 
for the inner and outer terrace margins. 
The lines thus drawn should consistently 
be close together where they delimit the 
supposed terrace risers and notably far- 
ther apart where they delimit the sup- 
posed treads. 

Using the terrace levels selected by 
Barrell, the writer has drawn lines repre- 
senting the landward and seaward ter- 
race boundaries for the Connecticut por- 
tion of the Western Upland, where the 
supposed terraces are most clearly in- 
dicated on the composite projected pro- 
file (Fig. 2). As shown in Figure 6, the 
lines are not consistently close together 
at the supposed risers, nor do they re- 
main consistently far apart on the sup- 
posed treads. Instead, the lines wander 
irregularly over the upland. Such an 
analysis indicates that terraces, if pres- 
ent at all, are only locally developed and 
are separated by large areas where no 
indication of terracing is present. It thus 
appears that multiple terraces of re- 
gional extent do not exist at the eleva- 
tions selected by Barrell, on the basis of 
his composite projected profile. 

To guard against the possibility that 
regional terraces might exist and not 
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show on a composite projected profile, 
the writer has used another method of 
exploring the upland for such terraces. 
This is to construct generalized contours 
at regular vertical intervals, so drawn as 
to eliminate the disturbing effects of 
stream dissection, and to examine these 
contour lines for indications of regional 
terracing. The generalized contours are 
drawn, starting at the first interval above 
sea-level, by joining those points on 
interstream areas which first reach the 
level being contoured. Although person- 
al judgment must be used in determin- 
ing the precise positions of the contours, 
the general positions are fixed by a large 
number of points for each line and hence 
may be accepted with some degree of 
confidence as showing the general form 
of the upland before dissection. The 
map thus prepared (Fig. 10) indicates 
that the method of construction is sound, 
since it shows the same major features 
as are observed on the multiple projected 
profiles. The map shows in a single illus- 
tration, easily reproduced, features which 
require for their appreciation several 
photographs of the profiles. 

If regional terraces are present in the 
Western Upland, the generalized con- 
tours should show consistent bunching 
on the risers and wide spacing on the 
treads of any terraces present, provided 
that the contour interval is smaller than 
the differences in terrace elevations. 
Examination of the map indicates that 
consistent alternate bunching and wide 
spacing of the lines is not regionally de- 
veloped. Local bunching may be ob- 
served, as, for example, southwest and 
northeast of Peekskill, where the up- 
land surface descends more or less abrupt- 
ly to the Triassic Basin and its north- 
eastward extension, along the Ramapo 
fault-line scarp. Another scarp, trending 
north-south, west of the lower Housaton- 
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ic River and east of the New York bound- 
ary, appears to have been the south- 
western side of a broad sag associated 
with the Housatonic River, the sag hav- 
ing been locally steepened by excavation 
of less resistant limestones. A third zone 
of bunching extends northeastward from 
a point some miles northeast of Bulls 
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Bridge on the Housatonic River to the 
Farmington River. Other scarps are in- 
dicated in the northwestern portions of 
the upper Westfield and Deerfield River 
basins, where the scarps trend parallel 
to structure and may be explained by the 
excavation of weak rock on the basin 
side of the scarp. The only one of these 











f£ 





GENERALIZED 


CONTOUR MAP 


OF 


SOUTHERN 


NEW ENGLAND 














Vas) ¥ Wf 


} 


-<£ <5 






WAS . 7 ae: 


Z 
4 















- 

Scale . : : 

Contour Interval 100 feet 
Contours not shown in lowlands 
or inthe Taconic Mtns 


10 15 


miles 





Upland border scarps ss 


Inner Margin of the Fall Zone —- — 























Fic. 10.—Generalized contour map of southern New England 





ext 


eni 





| le i 














zones of more closely spaced contours 
which seems unrelated to rock difference 
or known geologic structures is the one 
extending northeastward from Bulls 
Bridge to the Farmington ‘Valley north- 
east of Winsted. 

The relation of this local belt of steep- 
ening to the major facets of the Western 
Upland should be appreciated. Beginning 
at Long Island Sound, along the south- 
ern border of the Western Upland, a 
relatively steep slope, of 50 feet per mile, 
toward the south-southeast is main- 
tained to about the 800-foot contour. 
For the next 20-30 miles northward the 
regional slope is almost due southeast 
and diminishes to 30 feet per mile. The 
facet of more gentle slope is gradually 
terminated northwestward by a narrow- 
er zone of relatively steep slope (60 feet 
per mile), shown on the map as the zone 
of bunched contours extending from the 
Housatonic River above Bulls Bridge 
and described above. To the northwest 
of this,steeper zone, regional slopes gen- 
erally diminish; but any exact deter- 
mination of slope is rendered difficult by 
numerous local structurally controlled 
swells and hollows. 

The writer concludes that the general- 
ized contour map indicates a single sur- 
face or facet which with some show of 
treason might be called a “regional ter- 
race.” This is the surface sloping south- 
east at 30 feet per mile and terminated 
landward and seaward by more steeply 
sloping surfaces. It is shown on Bar- 
rell’s composite projected profile extend- 
ing from L to S (Fig. 2). This poorly de- 
veloped terrace will be called the “Litch- 
field surface,” from its best development 
in Litchfield County, Connecticut. The 
origin of the steeper zone, or “riser,” ter- 
minating the Litchfield surface at the 
northwest is not clear; but Johnson’ has 


* Pp. 7-8 of ftn. 7, Stream Sculpture ... . (1931). 
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suggested that such inflections of the 
present surface may represent monocli- 
nal warping of a buried peneplain from 
which the sedimentary cover was later 
stripped. This interesting suggestion 
might be applicable if there were any 
indication of such a sedimentary cover 
over the upland surface. Johnson has 
presented other evidence that a sedi- 
mentary cover did extend over this area 
but that it blanketed the Fall Zone pene- 
plain, which has since been beveled in 
this area to form the present upland sur- 
face. It appears reasonable that such 
beveling would have removed any struc- 
tural inflections developed on the Fall 
Zone peneplain. 

Examination of Johnson’s multiple 
projected profiles indicates that multiple 
regional terraces are not present on the 
New England Upland. A few broad 
changes in slope are present, correspond- 
ing to those suggested by the generalized 
contour map and described above. The 
same structurally controlled irregulari- 
ties are discernible. 

Thus, after utilizing various methods 
of studying the Western Upland, it ap- 
pears necessary to conclude that multiple 
terraces of a regional nature do not ex- 
ist. Similar study of the Eastern Upland 
leads to the same conclusion. The single 
regional terrace wnich does appear as a 
real feature is confined to the Western 
Upland and is but faintly differentiated 
from the rest of the surface. It also ap- 
pears from these studies that the upland 
of southern New England consists of a 
few broad facets, as earlier noted by 
Johnson, the significance of which will 
be considered in a later paper. 


CONCLUSIONS 


The more prominent upland irregu- 
larities used by Barrell to support the 
marine-terrace hypothesis are closely re- 
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lated to geological structure and rock 
composition. Similar irregularities not 
appearing at the supposed terrace levels 
are numerous and are related to the same 
causes. Such irregularities are fully ex- 
plained as the product of weathering and 
fluvial erosion and are to be expected in 
a peneplaned area of complex structure 
and diverse rock types. They doubtless 
existed in subdued form before uplift 
and dissection of the peneplaned surface. 
They have been emphasized where dis- 
section is deep and where differential 
lowering of closely adjacent surfaces has 
occurred. 

In view of this reasonable and ade- 
quate explanation of the upland irregu- 
larities, they cannot be accepted as rem- 
nants of marine terraces unless marine 
modification of subaerial forms can be 
established. No convincing evidence of 
such modification has been offered. 

The writer agrees with Bryan” and his 
co-workers that it is impossible to prove 

26 Kirk Bryan; A. B. Cleaves; and H. T. U. 
Smith, “The Present Status of the Appalachian 
Problem,” Zeitschr. f. Geomorph., Vol. VII (1933), 
pp. 312-20. 
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that the sea did not make repeated ad- 
vances over this area, to cut marine ter- 
races. But, if such terraces were ever 
formed, they were so insignificant that 
weathering arid fluvial erosion have since 
effectively obscured them or later fluvial 
peneplanation has completely removed 
them. No valid evidence that such forms 
ever existed has been found. 

Applying this conclusion to the larger 
picture of Appalachian geomorphology, 
it can be said that no barrier exists to the 
application of the hypothesis of regional 
superposition in the New England area. 
Further search is, however, indicated to 
discover more positive evidence in favor 
of this hypothesis. This, too, will be the 
subject of a later paper. 
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SMALL-SCALE STRUCTURES IN THE COCONINO SAND- 





STONE OF NORTHERN ARIZONA 


EDWIN D. McKEE 
Museum of Northern Arizona, Flagstaff 


ABSTRACT 


Small-scale structures, including ripple marks, slump marks of two types, and rain patches, occur locally 
on the surfaces of steeply dipping laminae in the eolian Coconino sandstone. These surface features are de- 
scribed and analyzed. Comparisons are made between them and similar structures observed in the modern 
dunes of the Navajo country. Most of these structures were reproduced experimentally in a wind tunnel and 
sand box, where controlled conditions made possible a determination of factors involved. 


INTRODUCTION 


The Permian Coconino sandstone of 
northern Arizona, which is a highly 
cross-laminated deposit of clean, well- 
sorted quartz sand, generally considered 
to be of eolian origin, locally contains an 
abundance of ripple marks and other 
minor structures and, in some places, 
great numbers of fossil footprints. A de- 
sire to determine accurately the environ- 
ment in which these features were formed 
has prompted an examination of compa- 
rable structures among modern dunes in 
the Navajo Indian Reservation and the 
conducting of a series of experiments, 
the results of which are presented in this 
paper. 

Shortly after the conclusion of the first 
season of investigation the definitive 
work of R. A. Bagnold' on the physics 
of blown sand and desert dunes became 
available to the writer and was of ines- 
timable value in completing the studies. 
The painstaking experiments conducted 
by Bagnold made unnecessary a further 
search for many facts required in obtain- 
ing a satisfactory explanation of various 
features involved. Certain of the experi- 
ments that had a bearing on the study 
of small-scale structures in the Coconino 
have been repeated at the laboratory of 


'The Physics of Blown Sand and Desert Dunes 
(New York: William Morrow & Co., 1943). 
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the Museum; additional ones have been 
made where more information seemed 
desirable. 


TYPE OF DUNES 


Evidence of the eolian origin of the 
Coconino sandstone has been presented 
in papers by the writer? and by Parry 
Reiche’ and will not be repeated here. 
Recognition of the type of dune, how- 
ever, is essential to a full understanding 
of the ripple marks and other minor 
structures forming the subject of this 
paper and therefore warrants discussion. 

Among various dune classifications 
that have been proposed, those by J. T. 
Hack‘ and by Bagnold,' based on form, 
in so far as it reflects genesis, are consid- 
ered here because of their simplicity and 
applicability. Hack recognizes three pri- 
mary dune forms: (1) transverse (includ- 
ing barchan), (2) parabolic, and (3) lon- 
gitudinal. He also refers to several spe- 
cial types, developed as a result of such 
obstacles as topographic irregularities. 


2“The Coconino Sandstone—Its History and 
Origin,” Carnegie Inst. Wash. Pub. 440 (1933), 
pp. 112-14. 

3“An Analysis of Cross-lamination: The Coco- 
nino Sandstone,” Jour. Geol., Vol. XLVI (1938), 
pp. 916-18. 

4“Dunes of the Western Navajo Country,” 
Geog. Rev., Vol. XXXI, No. 2 (1941), pp. 240-41. 


5 Pp. 188-89 of ftn. 1 (1943). 
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Bagnold considers as true dunes only 
those that can exist independently of any 
fixed surface feature and lists two funda- 
mental types: (1) barchan, crescentic, or 
transverse; and (2) longitudinal or seif. 
Other types of sand accumulation, caused 
directly by sand obstructions such as 
bushes, rocks, or cliffs, he refers to as 
“sand shadows” and “sand drifts.” 
These include the parabolic dune of 
Hack, which results from anchorage by 
vegetation. 

In the Coconino sandstone there are 
no indications, such as projections from 
an underlying surface, that the deposits, 
even at the base, represent sand accumu- 
lations controlled by topographic irregu- 
larities. Nor is there any evidence in the 
form of plant molds or bedding disturbed 
by roots to suggest that vegetation 
played a part, with resulting parabolic 
forms. Of the other principal dune types, 
it seems unlikely that the longitudinal 
dune is represented, for, as pointed out 
by Reiche,® such dunes develop in dis- 
tricts of slight accumulation, where the 
sand is chiefly in transport. Furthermore, 
structures typical of this type of dune, as 
described by Bagnold, have not been 
recognized in the Coconino sandstone. 

What appear to be small crescentic or 
barchan dunes may be observed in vari- 
ous parts of the Coconino sandstone 
where exposures are suitable. The curv- 
ing fronts illustrated in lamination planes 
and the extended wings with high-angle 
dips in divergent directions are very 
prominent locally. In this formation, 
however, most of the planes of erosion 
and sets of steeply dipping laminae ap- 
pear to be on a far larger scale and, as 
pointed out by the writer,’ probably 


®P. ort of ftn. 3 (1938). 

7“Structures in Modern Sediments Aid in 
Interpreting Ancient Rocks,” Carnegie Inst. Wash. 
Pub. 501 (1938), pp. 688-90. 
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were formed as transverse (straight- 
fronted) dunes—a type differing from the 
barchan largely in degree. In typical 
transverse dunes the scale is so great 
that plunging “anticlines” or “syn- 
clines” with arclike pattern in cross sec- 
tion are not easily recognizable. Instead, 
the long, gently dipping planes of erosion, 
and the thick series of steeply dipping 
laminae with constant direction are the 
conspicuous features. Most of the Co- 
conino structures appear to be of this 
type rather than of the barchan variety. 


SELECTIVE PRESERVATION OF 
LEE-SLOPE SEDIMENT 


Sand-dune deposits preserved in the 
geologic column probably consist almost 
wholly of lee-slope material. This con- 
clusion was reached by F. W. Shotton! 
on the basis of theoretical considerations, 
and the principle involved has been dem- 
onstrated and explained by Bagnold? 
through studies of modern dunes in the 
Libyan Desert. In general, deposits of 
the approach side are only temporary 
and sooner or later are moved over the 
crest, building new laminae to leeward. 
Exceptions, consisting of the relics of 
windward-slope deposits, are locally pre- 
served, along with the dominant lee-side 
laminae, as pointed out by W. O. Thomp- 


son’ and other investigators; but these f 


windward-side deposits are usually rela- 
tively easy to recognize as such. In bar- 
chan and transverse dunes iaminae of 
the lee-side dip at a high angle, approach- 
ing 32° or 33°, and in directions that are, 
in general, comparable to the dominant 
wind direction of the area. Windward- 

“The Lower Bunter Sandstone of North 
Worcestershire and East Shropshire,” Geol. Mag., 
Vol. LXXIV (1937), p. 544. 

9 Pp. 241-42 of ftn. 1 (1943). 


10 “Original Structures of Beaches, Bars and 
Dunes,” Bull. Geol. Soc. Amer., Vol. XLVIII 


(1937), PP- 747-50. 
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SMALL-SCALE STRUCTURES 


side deposits, on the other hand, dip in 
the opposite direction and at angles less 
than 12°. 

Applying the preceding considerations 
to the problem of the Coconino sand- 
stone, it is clear (1) that the lee-side de- 
posits should in most. cases be distin- 
guishable from those formed to the wind- 
ward through a consideration of the di- 
rection and the degree of dip and (2) that 
laminae formed on the windward-side 
should be relatively scarce in this for- 
mation. Reiche™ in an analysis of the 
Coconino cross-lamination has demon- 
strated that this is the case. Out of many 
hundreds of readings of lamination dip 
and strike, a large majority were found 
to dip between 15° and 30° in a southerly 
direction. The few exceptions dipping 
opposite were low-angle surfaces and 
therefore have been interpreted as repre- 
senting true windward-side deposits. 


EVEN-SURFACED LAMINAE 


In wind-deposited sand being accumu- 
lated through saltation there is a pro- 
nounced tendency, under most condi- 
tions, to develop ripple marks. Because 


| of the bouncing process involved, initial 


surface irregularities are accentuated and 
mounds of sand pile up rhythmically be- 
yond them. The results of this tendency 


| are conspicuous on the windward sur- 


faces of most dunes. Where flat, rath- 
er than rippled, surfaces have formed 
among such deposits, the cause, accord- 
ing to Bagnold,” may be (1) continuous, 
rapid deposition that precludes oppor- 
tunity for sand-sorting; (2) increase in 
wind strength, causing the length of the 
ripple marks to increase to such an ex- 
tent that they finally disappear; or (3) 
sand of irregular grading in which some 
grains are much larger than others and 
™ Pp. go5—32 of ftn. 3 (1938). 

™ P. 153 of ftn. 1 (1943). 
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are too large to be moved by the avail- 
able wind, thus tending to break up any 
orderly ripple advance. 

In the Coconino sandstone most lami- 
nation surfaces are extremely smooth 
and even. An adequate explanation of 
this feature seems essential to an under- 
standing of the formation. A few of the 
laminae dip with low angle in a direction 
opposite the normal and so are consid- 
ered to be windward-side deposits. In 
these the lack of rippling is probably the 
result of very rapid accumulation, for, as 
explained by Shotton,"* deposits of the 
windward side have a good chance of 
permanent preservation only where the 
wind is being furnished an excessive sup- 
ply of sand. Such rapid deposition has 
been shown By him to be unfavorable to 
ripple development. 

Most laminae in the Coconino appear 
to have formed on the lee sides of dunes 
and therefore must have rippleless sur- 
faces for a reason fundamentally differ- 
ent from that applied to windward-side 
deposits. Instead of being developed by 
the saltation of sand grains, these lami- 
nae are brought about largely by mass 
sliding or avalanching of sand down the 
steep lee slopes, as pointed out by Bag- 
nold;’* hence there is normally no tend- 
ency toward ripple development. 

The principle involved in lee-side dep- 
osition is demonstrated by an experi- 
ment suggested by Bagnold in which 
sieved sand, dyed a different color for 
each of three size grades, is used. A sam- 
ple in which these three grades are well 
mixed is allowed to avalanche down the 
steep slope of a sand box. When the ma- 
terial settles at the angle of repose, it is 
clear from the appearance of color bands 
that each sand grade has separated out 
into a separate flat layer or lamina. 


13 P, 544 of ftn. 8 (1937). 
14 P. 239 of ftn. 1 (1943). 
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Only on the sides or wings of barchans 
where wind currents often cross the steep 
slopes is there more than an occasional 
opportunity for re-working lee-side de- 
posits and developing ripple marks (Fig. 
1). Thus, the general lack of ripple marks 
and of surface structures in the Coconino 
sandstone appears to be largely a func- 
tion of selective preservation of certain 
portions of the dunes, in which, with 
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with this study. Many of the specimens, 
unfortunately, were not im situ, having 
been discovered in slabs of sandstone 
quarried for use as paving stone; but 
enough sets were located and examined 
in the field to determine their original 
positions with respect to the cross-lami- 
nated layers. On all specimens studied, 
a record was made of the height of the 
ripple crests, distance between crests, 





Fic. 1.—Wing of barchan dune, showing ripple surface and slump marks on lee side, Tuba, Arizona 


minor exceptions, conditions of deposi- 
tion are unfavorable for ripple develop- 
ment. 
RIPPLE MARKS 
GENERAL FEATURES 

Ripple marks are not abundant in the 
Coconino sandstone but locally are mod- 
erately numerous. Approximately fifty 
sets from localities near Seligman, north 


of Ashfork, and in Oak Creek Canyon, 
Arizona, were examined in connection 





the ripple index (defined as the wave 
length divided by the amplitude), the 
degree of parallelism of individual rip- 
ples, and the amount of rounding of the 
crests. 

Coconino ripple marks are all of one 
general type. Analyzing the results of 
examination, five features are found to 
be characteristic. First, they have a 
large ripple index, the lowest of those 
measured being seventeen, and most of 
them ranging well above this figure. Sec- 
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ond, all specimens found in situ have 
crests trending up and down the surfaces 
of sloping laminae and in no case normal 
to the dip. Third, the ripple crests are 
definitely rounded, as illustrated in 
every specimen examined. Fourth, there 
is a concentration of coarser sand grains 
on or about the crests in many speci- 
mens. Fifth, the crests and troughs with- 
in each set are remarkably straight and 
parallel, showing little change of direc- 
tion even on large surfaces where expo- 
sures are continuous for 3 or more feet. 


RIPPLE LENGTH 


The length (distance between crests) 
of most ripple marks in the Coconino 
sandstone is between too and 150 mm., 
although exceptions are not rare. The 
largest ripple mark to be examined, a 
specimen from near Ash Fork, Arizona, 
is 302 mm. in length. Two other speci- 
mens measured only 75 and 85 mm., 
respectively. 

According to E. M. Kindle,” “the 
size or amplitude of wind ripple mark 
varies but little with variation of wind 
velocity ....the principal factor con- 
trolling the slight amount of variation 
which is shown by the amplitude, ap- 
pears to be the coarseness of the sand.” 
This conclusion, based on general ob- 
servations, apparently is incorrect. Bag- 
nold'® describes in detail the lengthening 
of ripple marks as a result of increased 
wind velocity, independent of changes 
in grain size and sorting. Furthermore, 
this relationship has been demonstrated 
repeatedly during the present investiga- 
tion under controlled conditions of a wind 
tunnel where grain size could be kept 
constant and wind velocity changed as 
desired. 

's “Recent and Fossil Ripple-Mark,”’ Can. Dept. 
Mines, Geol. Surv. Mus. Bull. 25 (1917), p. 12. 
© P. 151 of ftn. 1 (1943). 
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The variations in wave length re- 
corded for ripple marks in the Coconino 
sandstone probably represent differ- 
ences in wind velocity. Grain size and 
degree of sorting are too similar in the 
samples studied to account for any large 
differences in ripple length such as are 
represented by the extremes noted above. 


RIPPLE INDEX 


High ripple index (above 15) is con- 
sidered by Kindle’? to be “the most 
striking characteristic of wind-made rip- 
ple mark,” and studies by numerous 
other geologists have established the 
validity of using this feature in distin- 


TABLE 1 
Average 
Index 


Mixed sand (0.5-1.0, 0.25-0.5, and 


Oche-w.te WR. oi 16.0 


Fine-grained sand only (0.125-0.25 mm.) 27.0 
Medium-grained sand only (0.25-0.5 

EE Ee ae ae ae eh, 26.0 
Coarse-grained sand only (0.5-1.0 mm.) 29.0 


guishing between wind- and water- 
formed ripple marks. Bagnold™* has 
shown that the index of wind ripple 
marks is controlled by the degree of sort- 
ing of the sand, very uniform grains 
tending to give only very low ripples and 
hence high indices. In using a single 
grade of sand (0.19-0.27 mm.) he found 
that “the ratio of height to wave length 
was usually 1 to 70, and never more than 
1 to 30.” Similar experiments conducted 
by the writer gave the results shown in 
Table tr. 

Ripple-index determinations have 
been made for twenty-one specimens in 
the Coconino sandstone. Unfortunately, 
accurate measurements could not be 
made in other available specimens be- 
cause ripple crests were weathered. The 


7P. 12 of ftn. 15 (1917). 
18 Pp. 151-52 of ftn. 1 (1943). 
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indices determined range from 17 to 98, 
with fairly even distribution between 
these extremes. As the sand is quite well 
sorted, in general, the many high indices 
are not surprising. 


RIPPLE ORIENTATION 


A distinctive feature of ripple marks 
in the Coconino sandstone is that the 
crests and troughs extend up and down 
the lamination slopes, paralleling the di- 
rection of dip. Without exception, all 
specimens found in situ have shown such 
orientation. This characteristic is con- 
sistent with the theory that they were 
developed among lee-side deposits along 
the wings of barchan dunes. 

Observations of modern barchans in 
the Navajo Indian Reservation indicate 
that gentle winds often move across the 
steep lee faces on the dune wings, paral- 
lel to the direction of extension, re-work- 
ing the sand surfaces and developing rip- 
ple marks (Fig. 1). Under these condi- 
tions, ripple marks invariably strike in 
the direction of sand slope which is at 
right angles to that of wind movement. 
In contrast, when the wind approaches 
from other directions, rippleless laminae 
develop for the air currents then are di- 
verted by the dune, causing sand ac- 
cumulation by the normal sliding or 
avalanching method, as opposed to the 
saltation common to windward-side de- 
posits. 

Ripple marks on the windward sides 
of modern dunes show no constancy of 
orientation with respect to slope com- 
parable to that found on barchan wings 
of the lee sides. Low-angle approach sur- 
faces normally are covered with ripples 
in which crests and troughs strike in 
many directions and have no apparent 
relation to slope. Many crests show 
branching, curving, or irregular patterns. 
Ripple marks formed by stream cur- 
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rents seldom, if ever, develop parallel to 
the direction of slope on steeply dipping 
beds. Movement of water downgrade 
must ordinarily cause any ripples that 
form to be at right angles to the direc- 
tion of inclination. 

Wave ripples, in contrast to those of 
water currents, have their orientation 
controlled by the direction of wave move- 
ment, independently of the configura- 
tion of the bottom. O. F. Evans" de- 
scribes waves coming in toward the shore 
of a lake and moving nearly parallel to 
the axis of the subaqueous ridges, thus 
forming asymmetrical ripple marks with 
crests and troughs parallel to the direc- 
tion of dip. Such ripple marks may re- 
semble in attitude those of lee-side dune 
ripples, but their position relative to the 
sand slope will be a matter of coincidence 
varying with the relief of the sea floor, 
whereas the wind ripples are formed ex- 
clusively with the one attitude. 

EXTENT AND PARALLELISM 

Crests and troughs of ripple marks in 
the Coconino sandstone show a high de- 
gree of parallelism and a marked con- 
stancy of direction (Fig. 3). Although 
the maximum extent of most rippled sur- 
faces in this formation is not determi- 
nable because of incomplete exposures, it 
is clear from available outcrops that rip- 
ple marks vary but little from top to bot- 
tom of the steeply dipping surfaces on 
which they are formed. 

A regular, even, ripple pattern, such 
as that found in the Coconino sandstone, 
is a common feature of steeply sloping, 
lee-side deposits on modern barchan 
wings (Figs. 1 and 2) and, to a less ex- 
tent, between the wings. It is readily ex- 
plained as the result of ripple-forming 

19“The Relation between the Size of Wave- 
formed Ripple Marks, Depth of Water, and the 


Size of the Generating Waves,” Jour. Sed. Petrol. 
Vol. XII (1942), p. 34. 








sl 
tr 
sit 


Suc 
wa\ 
top: 
ove 
ple 

rent 
dire 
tren 
ered 


R 
ston 
(Fig 














; in 


on- 














winds which are able to approach such 
surfaces from one direction only. 'n con- 
trast, ripple marks on the windward 
sides of dunes, where winds constantly 
shift direction, develop many bifurca- 
tions, variations in trend, and changes 
in size. 

Many wave-formed ripple marks de- 
velop with a high degree of parallelism 
and straightness of crest and trough. 
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is so marked that it is almost equal to 
that of the troughs. In others, the con- 
trast between gentle approach slopes 
and steep lee slopes is more apparent; 
yet surface rounding is still considerable. 

A probable explanation for the high 
degree of rounding in ripple-mark crests 
in the Coconino sandstone has been ob- 
tained through examination of modern 
dune ripples in the Navajo Indian Reser- 





Fic. 2.—Stabilized wind-ripple marks on lee side of barchan dune near Tuba, Arizona 


Such ripple marks form normal to the 
wave direction, irrespective of bottom 
topography and, therefore, are constant 
over wide areas. On the other hand, rip- 
ple marks formed by stream or other cur- 
rents normally reflect great variation in 
direction and speed, and so they have ex- 
tremely irregular patterns when consid- 
ered over a large surface. 


ROUNDED CRESTS 


Ripple marks in the Coconino sand- 
stone show a definite rounding of crests 
(Fig. 3). In some, the degree of rounding 


on ripple marks formed by water. In dis- 


vation. It has been observed that freshly 
formed ripple marks are only moderately 
well rounded, whereas those that have 
been allowed to settle are flattened some- 
what and have assumed a considerably 
more rounded form (Fig. 2). This sug- 
gests that those wind ripples that are 
permanently preserved in the geologic 
record are the ones that have had oppor- 
tunity to stabilize between periods of 
sand accumulation and that for this rea- 
son rounding of crests is pronounced. 
Well-rounded crests may also be found 








320 


cussing wave ripples, O. F. Evans” states 
that “‘when a heavy sea is followed by a 
long period of gentle wave movement, a 
rounding and smoothing of the ripples 
occur..... ” Thus, rounded crests are 
not necessarily indicative of eolian origin 
and are found among both water and 
wind-formed ripples where an alteration 
in form is developed during a period of 
stabilization. 





Fic. 3.—Ripple marks in Coconino sandstone near 
Ash Fork, Arizona. 


GRAIN SORTING 


Slabs of Coconino sandstone contain- 
ing ripple marks have been cut and pol- 
ished to show the distribution of sand 
grains in cross sections through the rip- 
ple series. In some samples no appreci- 
able variations in grain size could be de- 
tected, the ripples apparently being 
formed in uniform, well-sorted sand. In 
others, grains of more than one grade 
size are present. Here the coarser grains 

20 “Effects of Change of Wave Size on the Size 


and Shape of Ripple Marks,’’ Jour. Sed. Petrol., 
Vol. XIII (1943), p. 38. 
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form ripple crests, and the finer grains 
are in the troughs. Where rippling is ab- 
sent and grains are of two grade sizes, 
the sand is separated into thin layers or 
laminae, consisting of an alternation of 
coarser and finer material. 

The sorting of sand grains according 
to size in wind-ripple-mark specimens is 
a function of the process of deposition 
involved. The sand is piled up by salta- 
tion into a series of ridges in which the 
coarsest grains invariably collect at the 
crests, because, as explained by Bag- 
nold,* they are less easily moved and, 
therefore, protect the crests, allowing 
them to rise into a region of stronger 
wind than would otherwise be possible. 
In contrast to this, sorting in the flat 
laminae, where rippling is absent, results 
from a different cause. Here the layers 





are developed by slumping or avalanch- 
ing of sand grains (as opposed to salta- 
tion), a process in which the grains in- 
variably become sorted according to 
grain size. 


SLUMP MARKS 
GENERAL 


On the lee side of barchan or trans- 
verse dunes, especially in the steep mid- 
dle portions, sand lies near the angle of 
repose with a surface that normally is} 
smooth and flat and without ripple 
marks. This type of surface develops 
because saltating grains coming to rest fl 
on the upper part of the lee slope build up 
an oversteepened profile that is relieved 
periodically by avalanching. Such ava- 
lanching, as pointed out by Bagnold,” 
comes as a series of discontinuous jerks 
with successive miniature landslides 


21 P. 152 of ftn. 1 (1943). 


2 Tbid., pp. 203 and 239; also, ““The Transport 
of Sand by Wind,” Geog. Jour., Vol. LXXXIX 
(1937), P- 433- 
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forming to leeward each time the equi- 
librium of the steep slope is disturbed be- 
yond a critical value. Although mass 
movements of this type result largely 
from overloading at the top of the lee 
slope, locally large-scale avalanches form 
from the weight of an animal walking 
along the top or as a result of undermin- 
ing by a cross-current of wind. These 
avalanches cause the development on 
sand surfaces of a series of variable and 
irregular lines roughly parallel to the di- 
rection of slope and marking the borders 
of the sand mass that has slumped down- 
ward. For such lines the term “slump 
mark”’ is proposed. 

Typical slump marks are preserved on 
slabs of Coconino sandstone in numerous 
localities. An attempt has been made 
through experimentation to determine 
the factors controlling their origin and 
the characteristics developed under vary- 
ing conditions. The project was relative- 
ly simple, as it required only an artificial 
dune and an opportunity to observe and 
record features developed through dis- 
turbance of sand resting at the angle of 
repose. In order to note any effects of 
differences in grain size, the sand was 
first sieved into three grades (0.5—1.0, 
0.25-0.5, and 0.125-0.25 mm.), each of 
which was dyed a _‘stinctive color, fol- 
lowing Bagnold’s method. They were 
then thoroughly mixed and allowed to 
become sorted by natural processes dur- 
ing avalanching. In order to determine 
differences in slump marks due to degree 
of dampness, experiments made in dry 
sand were repeated in wet sand, damp 
sand, and wet sand that had dried. 


SLUMP MARKS IN DRY SAND 


In plan view, slump marks developed 
in dry sand show subparallel lines pass- 
ing up and down the bedding slope and 
converging toward an apex near each 
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end except where limited by the upper or 
lower margins of the sand surface. These 
lines that bound the area of slumping 
may be in the form of raised ‘margins or 
of margins that are depressed, depending 
on local conditions. Likewise the area 
bounded by them may stand up as a low 
platform; or it may form a shallow, flat 
trough. Commonly both types are found 
in different parts of the same mass of 
slumped sand, the raised platform being 
in the lower portion, owing to the addi- 
tion of sand that has slid down from 
above. If the sand is of several size 
grades, the coarser grains tend to sep- 
arate out and slide down on top, form- 
ing the surface of the raised platform; 
but where sand is uniform-grained, the 
same surface features will develop, with 
texture playing no part. 

Slump marks in dry sand show an infi- 
nite variety of form and detail. Only the 
simplest, basic type, as developed experi- 
mentally, has been described above, 
whereas in modern dunes compound 
forms with many nearly parallel lines 
commonly develop from a series of par- 
tially superimposed avalanches (Fig. 4). 
In some places, groups of overlapping 
tongues or funnels mark the bottoms of 
slumped sand patches; in other places, 
series of tiny, rounded, steplike struc- 
tures develop because of the breaking- 
off of sand layers along lamination planes 
where contrasting grain size is involved. 
Several different types of dry-sand slump 
marks have been recognized on surfaces 
of the Coconino sandstone (Fig. 5). 

Because avalanche surfaces character- 
istically develop on all parts of the lee 
sides of barchan and transverse dunes, 
the associated slump lines commonly 
serve as initial irregularities necessary 
*> the development of ripple marks that 
form on the dune wings. In brief, the 
slump structures of a barchan center 
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commonly converge into well-formed 
ripple marks on the dune flanks. 


SLUMP MARKS IN DAMPENED SAND 


When dune sand is dampened, as by 
mist or dew (conditions simulated in ex- 
periments by using a fine spray), a crust, 
varying in thickness according to the 
depth of moisture penetration, is devel- 
oped. Subsequent slumping causes this 


Fic. 4.—Slump marks in dry 


crust to break up into a jumble of irregu- 
lar, thin patches of sand. Sand curls and 
crusty fragments form a confused mass. 
Similar results are obtained after the 
sand has dried out. This type of slump 
mark has not been recognized in any spec- 
imens of Coconino sandstone. 


SLUMP MARKS IN WETTED SAND 


Dune sand that has been thoroughly 
wetted develops (either before or after 
drying out) a very characteristic type of 
slump mark when caused to avalanche 
by overweighting from above or by un- 
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dermining due to crumbling away at the 
base. It forms a series of miniature steps, 
each a few millimeters high and with 
platforms dipping at an angle lower than 
that of the avalanche slope. The amount 
of each rise is dependent on the thickness 
of individual laminae, and these in turn 
are probably controlled primarily by the 
sorting process that plays such a promi- 
nent part in the forming of lee-side ava- 


dune sand, Tuba, Arizona 


lanche deposits. These structures are 
sharper and more pronounced than any 
comparable types developed in dry sand. 

Wetted-sand slump marks were first 
reported from the Coconino sandstone 
by the writer?’ when he found an excel- 
lent specimen on the Grandview trail in 
Grand Canyon. A correct interpretation 
of this feature subsequently was sug- 
gested by Reiche*4 on the basis of ob- 
servations that he had made on mod- 
ern dunes in New Mexico. Other speci- 

23 P. 103 of ftn. 2 (1933). 

24 P, g18 of ftn. 3 (1938). 











are 
any 
and. 
first 
tone 
<cel- 
il in 
tion 
sug- 

ob- 
nod- 
yecl- 











SMALL-SCALE STRUCTURES 


mens of Coconino sandstone illustrating 
wetted-sand slump marks have since 
been found by the writer near Seligman, 
Arizona (see Fig. 6). 


RAIN PATCHES 


The crater-like pits formed by rain- 
drops in mud and other fine-grained ma- 
terials are familiar to most geologists and 
have frequently been recorded in the 
literature. Impressions made by rain in 
sand, however, do not appear to have 
been recognized in many places in the 
geologic column. W. H. Twenhofel’> re- 





Fic. 5.—Slump marks in Coconino sandstone near 
Ash Fork, Arizona. 


fers to them briefly, stating that “the 

rims are not so sharp as those bordering 

impressions made in mud.” 
Examination of rain markings in dry 


*° Treatise on Sedimentation (Baltimore: Williams 
& Wilkins, 1926), p. 490. 
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dune sand shows that they are different 
from those formed in mud. Each rain- 
drop, as it strikes the sand, develops a 
thin detached layer or shell, roughly cir- 
cular but with irregular margins. The 
larger the pits, the more accentuated are 





Fic. 6.—Slump marks in Coconino sandstone near 
Seligman, Arizona. 


these irregularities. Centers of the shells 
are depressed, and margins are very 
slightly raised above the general sand- 
level, as with rain pits formed in mud; 
but the detached character of the layer 
of sand gives it a distinctive form (Fig. 
7). After drying, the circular shells nor- 
mally remain firm and retain the same 
characteristics as when wet. 

Rain patches formed on the steep, lee- 
side slopes of dunes are similar to those 
developed on horizontal surfaces except 
that the shells are oriented differently 
with respect to the lamination plane. In 
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general, each circular shell tends to face 
upward or vertically, and on the steep 
surface this causes the downslope rim to 
be raised and the upslope rim to be de- 
pressed. Furthermore, only brief showers 
can leave such a record, for on the sur- 
face of a dune that is thoroughly wetted 
the shells lose coherence. Poorly pre- 
served markings of this type have been 
noted in a few places in the Coconino 
sandstone. 


Fic. 7.- 


CONDITIONS FOR PRESERV- 
ING STRUCTURES 


Evidence, largely based on experi- 
mental work,” indicates that fossil foot- 
prints which are locally common in 
the Coconino sandstone probably were 
formed, for the most part, in dry sand. 
Likewise, as shown in the preceding dis- 
cussion, most of the minor structures, 
such as ripple marks and slump marks in 


2° McKee, “Tracks That Go Uphill,” Plateau, 
Vol. XVI (1944), pp. 61-72. 
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this formation, are best explained as 
having been formed in dry sand. The 
few exceptions suggest sand that had 
been wetted as by a rain. 

Even though these surface features 
appear to have had their origin in dry 
sand, they could scarcely have been per- 
manently preserved in such a medium. 
Observations on dunes and other sand 
deposits indicate that except possibly 
under special conditions of marked tex- 





Rain patches on steeply dipping surface of dry dune sand, Tuba, Arizona 


tural change, parting planes do not de- 
velop when the sand is dry. In contrast, 
where the surface has been dampened, 
as by a dew or fog, a firm crust is devel- 
oped and remains even after drying of 
the surface. Such dampening by dews is 
a common feature in desert areas and is 
considered to be a likely explanation for 
the permanent preservation of the minor 
structures where additional sand is drift- 
ing over the dune crests and burying the 
structure-bearing layers. 
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SUMMARY 


The Coconino sandstone is believed to 
consist of the deposits of barchan and 
transverse dunes, as suggested by the 
character of its cross-lamination. It ap- 
pears to be made up very largely but not 
entirely of steeply dipping lee-slope de- 
posits, in which the process of mass slid- 
ing or avalanching was dominant. This 
method of accumulation accounts for 
the preponderance of smooth, even-sur- 
faced laminae in the formation. Locally, 
deposits appear to have been re-worked, 
as by winds passing along the lee sides of 
barchan wings; and in these places depo- 
sition was by saltation, with consequent 
ripple-mark development. On surfaces 
formed exclusively through the process 
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of mass sliding the principal markings 
developed are marginal lines of individu- 
al avalanches, and related features here 
referred to as “slump marks.” Rare 
shell-like patches, probably formed by 
rain drops, and reptilian footprints, 
nearly all of which go up hill, are other 
surface features found in these deposits. 
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The 272 geologists starred in the first seven editions of American Men of Science are listed, with date of 


birth and death (if dead); the place of their collegiate and doctoral training is given, arranged by institu. ni 
tions; trends in education and in institutional productivity are briefly discussed; and data on the age at oc 


starring are given. 
INTRODUCTION 


In the seven editions of American 
Men of Science’ an attempt is made to 
sketch all living men and women who 
have made considerable contributions to 
the advancement of science in America. 
One thousand of the four thousand 
sketched in the first volume were se- 
lected (in 1903) as having made distin- 
guished contributions, in the opinion of 
ten leaders in their science. The number 
of stars allotted to each science was 
roughly proportional to the number of 
recognized research workers in that sci- 
ence in 1903. The selection, after that of 
1903, was partly by all previously starred 
workers in that science and partly by 
those recently nominated for starring. 

During the period from 1903 to 1943, 
inclusive, 272 American geologists (in- 
cluding paleontologists, mineralogists, 
geophysicists, etc.) have been starred. 
The star implies either a large volume of 
good work or a considerable amount of 
especially original work. Although per- 
sonality, position, and support also play 
a part in the voting, starring is a recogni- 
tion which is less influenced by such sec- 
ondary factors than is almost any other 
high honor received by scientists. 

The star is a recognition which not 
only encourages and puts the starred 
men more fully on their mettle but at- 


t Lancaster, Pa.: Science Press, 1906-44. 
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tracts attention to their work. Starring§ an 
also increases opportunities for further gj, 
research, as grants and superior appoint-§ gir 
ments are received comparatively read-§ ny 
ily by starred men. The various univer-§ yin 
sities and other institutions employing§ 
starred scientists are placing increased 
value upon starring as a proof of indi- 
vidual merit and institutional strength. 
They not only attempt to retain and at- 
tract men already starred but hope to 
have other staff members not yet starred 
win this high honor; to this end they 
often increase facilities and otherwise 
encourage their more promising men. 
Geology is advanced in numerow 
ways: by those who do high-class re. 
search, facilitate research, or aid in the 
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effective presentation of research (ed-— 17 
tors, for example); by those who trail may 
future research men or who prepare the§ 25 
way for some sorts of geologic research six 
(as, for example, topographers). It is in t 
also aided, of course, by those who, al pag, 
though their work is not especially origif Am, 
nal, nevertheless add substantial bits off also 
geologic knowledge to the ever growing star 
edifice. thos 
Few can make major contributions§ not 
but, unquestionably, he who encourage with 
those who have done well, makes thei sup] 
work more widely appreciated, ani Cat 
stimulates others to higher efforts is acf thei 
complishing something worth while in s 
Hence, studies such as this are mine cluc 
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contributions to the advancement of 
geology. 

In this study five chief things are un- 
dertaken. (1) All the 272 geologists 
starred in any of the seven starrings are 
listed alphabetically (in List 1), with the 
year of their birth and death (if c-ad) 
and the date when starred (indicaieu vy 
numeral of the edition in which starring 
occurred: 1 for 1903, 2 for 1909, 3 for 
1921, 4 for 1927, 5 for 1932, 6 for 1937, 
and 7 for 1943.) (2) The place of colle- 
giate training (the Bachelor’s degree) is 
given by institutions (in List 2). (The 
numeral after the name dates the star- 
ring and also renders unnecessary, in 
most instances, the given name, which 
may be found in the alphabetical list.) 
(3) Table 1, of the number of college 
alumni classified by starrings, makes 
more evident periodic changes in institu- 
tional productivity. (4) Similar institu- 
tional lists and Table 2 are given for 
doctorates conferred. Table 3 summar- 
izes some data as to degrees held and 
place of training. (5) Finally, some data 
are given on the age at starring. 


THE LIST 


The list of 272 starred geologists is 
made up of 110 selected in 1903 and 
25-30 first starred in each of the other 
six editions. Tixe 110 of 1903 are listed, 
in the order of their distinction then, on 
pages 1273-74 of the fifth edition of 
American Men of Science, which volume 
also lists (pp. 1262-63) the 25 first 
starred in 1932. The full official lists of 
those starred in the other editions have 
not been published, except that for 1943, 
with one omission, but have been partly 
supplied to the present writer by Editor 
Cattell. A few men who at the time of 
their starring were more distinguished 
in some other field than geology are in- 
cluded, provided they are also known as 
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geologists. For example, several pale- 
ontologists were starred as zodlogists or 
botanists; several mineralogists, as chem- 
ists or physicists. Any starred man long 
connected with the United States Geo- 
logical Survey or otherwise widely known 
for his geologic work is included. For ex- 
ample, F. W. Clarke (Data of Geochemis- 
try) was a distinguished chemist of the 
Geological Survey and certainly is prop- 
erly included here, although he was not 
strictly a geologist. (If any of this list 
not reported as dead have died, informa- 
tion concerning the date of their death 
will be appreciated.) 


LIST 1 
GEOLOGISTS STARRED, 1903-43 
Edi- 
Born Died _ tion 

Starred 
Alden, William C. 9-27-71 *3 
Anderson, Charles A. 6-6-02 a 
Antevs, Ernst 11-20-88 % 
Arnold, Ralph 4-14-75 *2 
Ashley, George H. 8-9-66 *2 
Atwood, Wallace W. 10-I-72 m 
Bain, H. Foster II-2-71 es 
Balk, Robert 5-31-99 *6 
Barrell, Joseph 12-15-69 1919 *2 
Barton, Donald C. 6-29-89 1939 6*5 
Bascom, Florence R.D. 7-14-62 1945 *1 
Bassler, Ray S. 7-22-78 3 
Bastin, Edson S. 12-10-78 %s 
Bateman, Alan M. 1-6-89 ra 
Bayley, William S. II-10-61 1943 *2 
Becker, George F. I-5-47 1919 *1 
Beecher, Charles E. 10-9-56 1904 *1 
Behre, Charles H., Jr. 3-16-96 *6 
Berkey, Charles P. 3-25-67 *s 
Berry, Edward Wilbur 2-10-75 cs 
Billings, Marland P. 3-11-02 *, 
Blackwelder, Eliot 6-4-80 ¢s 
Blake, Wm. Phipps 6-1-26 I910 *1 
Bowen, Norman L. 6-21-87 *4 
Bowie, William 5-6-72 1940 *4 
Bowman, Isaiah 12-26-78 *s 
Bradley, Wilmot H. 4-4-99 *6 
Branner, John C. 7-4-5° 1922 *1 
Bretz, J Harlan g-2-82 *6 
Bridge, Josiah 7-17-90 *y 
Brigham, A. P. 6-12-55 1932 *1 
Brooks, Alfred H. 7-18-71 1924 *1 
Brush, George J. 12-15-31 I912 *2 
Bryan, Kirk 7-22-88 ". 





LIST 1—Continued 


Bucher, Walter H. 
Buckley, Ernest R. 
Buddington, A. F. 
Burbank, W. S. 
Butler, Bert S. 
Butts, Charles 
Buwalda, John P. 
Calvin, Samuel 
Campbell, Marius R. 
Capps, Stephen R. 
Case, Ermine C. 
Chamberlin, Rollin T. 
Chamberlin, T. C. 
Chaney, Ralph W. 
Clark, William B. 
Clarke, Frank W. 
Clarke, John Mason 
Cloos, Ernst 

Cooke, C. Wythe 
Cooper, G. Arthur 
Croneis, Carey G. 
Crosby, William O. 
Cross, Whitman 
Cushing, H. P. 
Cushman, Joseph A. 
Dall, William H. 
Daly, Reginald A. 
Dana, Edward S. 
Darton, Nelson H. 
Davis, William Morris 
Day, Arthur L. 

De Golyer, E. L. 
Derby, Orville A. 
Diller, J. S. 

Dodge, Richard E. 
Dunbar, Carl O. 
Dutton, Clarence E. 
Eastman, Charles R. 
Eldridge, George H. 
Emerson, B. K. 
Emmons, Samuel F. 
Emmons, William H. 
Fairchild, Herman L. 
Farrington, Oliver C. 
Fenneman, Nevin M. 
Fenner, Clarence N. 
Ferguson, Henry G. 
Flint, Richard Foster 
Foerste, August F. 
Fontaine, William M. 
Foshag, William F. 
Gale, Hoyt Stoddard 
Gannett, Henry 
Gardner, Julia 
Gilbert, Grove K. 
Gilluly, James 
Gilmore, Charles W. 
Girty, George H. 


Born 


3-12-88 
9-3-72 
II-29-90 
3-30-98 
3-39-79 
9-18-63 
12-16-86 
2-2-40 
9-30-58 
10-15-81 
Q-I1-71 
10-20-81 
9-25-43 
8-24-90 
12-16-60 
3-19-47 
4-15-57 
5-17-98 
7-20-87 
2-9-02 
3-14-01 
I-14-50 
9-1-54 
10-10-60 
1-31-81 
8-21-45 
5-19-71 
11-16-49 
12-17-65 
2-12-50 
10-30-69 
10-9-86 
7-23-51 
8-27-50 
3-30-68 
I-I-gI 
5-15-41 
6-5-68 
12-25-54 
12-20-43 
3-29-41 
2-1-76 
4-29-5° 
10-9-64 
12-26-65 
7-19-70 
6-21-82 
3-1-02 
5-7-62 
21-1-35 
3-17-94 
12-9-76 
8-24-46 
82 
5-6-43 
6-24-96 
3-11-74 
12-30-69 
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Edi- 

Died tion 
Starred 

*5 

1912 *1 
*6 
rt 
*4 
*4 
*4 

oe ie 
1940 *1 
*5 

* 
‘3 

1928 *1 
7 

1917 *1 
1931 *1 
1925 *1 
*6 
*6 

* 

Bi 

7 

1925 *1 
"; 
1921 *3 
5 

1927 “1 
*2 

1935 “1 
" 

1934 *1 
*2 
ye 

I9QI5 *1 
1928 *1 
*; 
*6 

1912 *1 
1918 *1 
1905 *1 
1932 “1 
ager % 
7 

1943 *1 
1933 “I 
*3 

*5 

*. 

5 
*7 

1936 *5 
1913 *1 
*6 
*3 

1914 *1 
% 

1918 *1 
*6 
*5 
1939 ©*3 


Goldthwait, James W. 
Grabau, Amadeus W. 
Grant, U.S. 

Graton, Louis C. 
Gregory, Herbert E. 
Gregory, William K. 
Griggs, D. T. 

Grout, Frank F. 
Gruner, John W. 
Gutenberg, Beno 
Hague, Arnold 

Hall, Christopher W. 
Harris, Gilbert D. 
Hatcher, John B. 
Haworth, Erasmus 
Hay, Oliver P. 
Hayes, C. Willard 
Heald, K. C. 
Heilprin, Angelo 
Hess, Frank L. 
Hewett, Donnel F. 
Hilgard, Eugene W. 
Hill, Robert T. 
Hitchcock, Chas. H. 
Hobbs, William H. 
Holland, William J. 
Hollick, Arthur 
Holmes, Joseph A. 
Hotchkiss, William O. 
Hovey, Edmund O. 
Huntington, Ellsworth 
Iddings, J. P. 
Ingerson, F. Earl 
Irving, John D. 
Jackson, Robert T. 
Jaggar, Thomas A. 
Johannsen, Albert 
Johnson, Douglas W. 
Julien, Alexis A. 
Kay, George F. 
Kay, G. Marshall 
Keith, Arthur 
Kemp, James F. 
Kerr, Paul F. 

Keyes, Charles R. 
Kindle, Edward M. 
King, Philip B. 
Knopf, Adolph 


Knopf, Eleanora B. (Mrs. A.) 


Knowlton, Frank H. 
Krumbein, W. C. 
Kummel, Henry P. 
Lahee, Frederic H. 
Lane, Alfred C. 
Larsen, Esper 
Lawson, Andrew C. 
Lee, Willis T. 
Leighton, Morris M. 
Leith, Charles K. 


Born 


3-22-80 
I-9-70 
2-14-67 
6-10-80 
10-16-69 
5-19-76 
10-6-11 
1-24-80 
7-12-90 
6-4-89 

1 2-3-40 
2-28-45 
10-2-64 
10-11-61 
4-17-55 
5-22-46 
10-8-59 
3-14-88 
3-31-53 
9-4-71 
6-24-81 
I-5-33 
8-11-58 
8-23-36 
7-2-64 
8-16-48 
2-60-57 
II-23-59 
9-17-78 
9-15-62 
9-16-76 
I-21-57 
10-28-06 
8-18-74 
7-13-01 
1-24-71 
12-3-71 
11-30-78 
2-13-40 
9-14-73 
II-10-04 
9-30-64 
8-14-59 
I-12-97 
12-24-64 
3-10-69 
9-24-03 
12-2-82 
7-15-83 
g-2-60 
1-28-02 
5-25-67 
7-27-84 
1-29-63 
3-14-79 
7-25-61 
12-24-64 
8-4-87 
1-20-75 





Edi- 
Died tion 
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“ 
1932 “1 
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"4 

+, 

"6 
1917 “1 
rom: 
"5 
1904 *1 
1932 ‘1 
1930 *2 
1916 *1 
"4 

1907 *1 
*5 

"4 
Ig10 *, 
1941 *1 
Igig “1 
*] 
1932 “1 
1933 *I 
1915 “1 
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1944 *3 
1919 “1 
1943 *5 
+, 

i 

1944 *1 
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Leverett, Frank 
Levorsen, A. I. 
Lindgren, Waldemar 
Longwell, Chester R. 
Loomis, F. B. 
Louderback, George D. 
Loughlin, Gerald F. 
Lovering, Thomas S. 
Lull, Richard Swann 
Macelwane, James B. 
McGee, W J 
McLaughlin, Donald H. 
Mansfield, George R. 
Martin, Lawrence 
Mather, Kirtley F. 
Mathews, Edward B. 
Mathes, Francois E. 
Matthew, W. D. 
Mead, Warren Judson 
Meinzer, Oscar E. 
Mendenhall, Walter C. 
Merriam, John C. 
Merrill, Fred J. H. 
Merrill, George P. 
Mertie, J. B. 

Merwin, Herbert E. 
Miser, Hugh D. 
Moore, Raymond C. 
Newell, Frederick H. 
Newhouse, W. W. 
Niles, William H. 
Nolan, Thomas B. 
Osborn, Henry Fairfield 
Palache, Charles 
Penfield, Samuel L. 


Penrose, Richard A. F., Jr. 


Pirsson, L. V. 
Powers, Sidney 
Prosser, Charles S. 
Pumpelly, Raphael 
Ransome, Frederick L. 
Raymond, Percy Edward 
Reed, Ralph D. 

Reeside, John B. 

Reid, Harry Fielding 
Rice, William North 
Rich, John L. 

Ries, Heinrich 

Rogers, Austin F. 

Ross, Clarence S. 

Rubey, William W. 
Ruedemann, Rudolph 
Russell, Israel C. 

Safford, James M. 

Sales, Reno H. 

Salisbury, Rollin D 
Schairer, J. F. 

Schaller, Waldemar T. 
Schuchert, Charles 





Born 


3-10-59 
7-5-94 
2-14-60 
10-15-87 
11-22-73 
4-60-74 
12-11-80 
5-12-90 
11-6-67 
9-28-83 
4-17-53 
12-15-91 
8-30-75 
2-14-80 
2-13-88 
8-16-69 
3-10-74 
2-19-71 
8-5-83 
11-28-76 
2-20-71 
10-20-69 
4-30-61 
5-31-54 
1-22-88 
2-20-78 
12-18-84 
2-20-92 
3-5-62 
12-13-97 
5-18-38 
5-21-01 
8-8-57 
7-18-69 
1-16-56 
12-17-63 
I1-3-60 
9-10-90 
3-24-00 
9-8-37 
12-2-68 
5-39-79 
4-21-89 
6-24-89 
5-18-59 
II-21-45 
12-1-84 
4-30-71 
8-15-77 
9-20-80 
12-19-98 
10-16-04 
12-10-52 
8-13-22 
9-10-76 
8-17-58 
4-13-04 
8-3-82 
7-3-58 


Edi- 
Died tion 
Starred 
1943 “1 
*7 
1939 “1 
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Scott, William B. 
Sellards, Elias H. 
Shaler, Nathaniel S. 
Shand, S. James 
Shaw, Eugene W. 
Shepard, Francis P. 
Short, M. N. 
Simpson, George G. 
Singewald, Joseph T., Jr. 
Smith, Eugene A. 
Smith, George Otis 
Smith, Jas. Perrin 
Smyth, Henry L. 
Spencer, Arthur Coe 
Spencer, J. W. 
Springer, Frank 
Spurr, Josiah E. 
Stanton, Timothy W. 
Stephenson, Lloyd W. 
Stevenson, John J 
Stock, Chester 

Stose, George W. 
Tarr, Ralph S. 
Taylor, Frank B. 


Thom, William Taylor, Jr. 


Todd, James E. 
Tolman, Cyrus F. 
Trask, Parker D. 
Trowbridge, Arthur C. 
Tunell, George 
Turner, H. W. 
Twenhofel, William H. 
Ulrich, Edward O. 
Upham, Warren 

Van Hise, C. R. 
Vaughan, T. Wayland 
Wadsworth, M. E. 
Walcott, Charles D. 
Ward, Lester Frank 
Washington, Henry S. 
Waters, A. C. 
Watson, Thomas L. 
Weaver, C. E. 

Weed, Walter H. 
Weller, Stuart 
Wentworth, Chester K. 
Wheeler, Homer Jay 
White, Charles A. 
White, David 

White, Israel C. 
Whitfield, Robert P. 
Wieland, George R. 
Williams, H. S. 
Williams, Howel 
Willis, Bailey 
Williston, Samuel W. 
Winchell, Alexander N. 
Winchell, Newton H. 
Wolff, John E. 
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Born 


2-12-58 
5-2-75 
2-21-41 
10-29-82 
7-29-81 
5-10-97 
3-21-89 
6-11-02 
9-25-84 
10-27-41 
2-22-71 
11-27-64 
I-11-62 
9-27-71 
3-20-51 
6-17-48 
10-1-70 
9-21-60 
8-31-76 
10-10-41 
1-28-92 
10-5-69 
1-15-64 
11-23-60 
6-9-91 
2-11-40 
6-2-73 
5-7-99 
3-485 
4-4-00 


1-15-67 
5-6-05 
9-5-7! 
5-1-80 
5-1-62 
12-26-70 
5-7-9! 
Q-2-61 
1-26-26 
7-11-62 
11-1-48 
5-27-28 
1-24-65 
3-6-47 
10-12-98 
5-31-57 
7-10-52 
3-2-74 
12-17-39 
11-21-57 
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Edi- 

Died tion 
Starred 
* 
"4 
1906 *1 
*7 
1935 *3 
*6 
*7 
*7 
"4 

1927 *1 
1944 *2 
nest... “5 
1944 *I 
*2 
1921 *2 
1927 *4 
* 

“5 
*4 
1924 *1 
*6 
"4 
1912 *1 
1938 *1 
( ve 
1922 *1 
1942 *3 
*6 
*6 
*7 
1937 “I 
"4 
1944 *2 
1934 “1 
1918 “1 
a 
1921 *1 
1927 *1 
1913 “I 
1934 “1 
*7 
1924 *3 
*7 
= 
1927 *I 
*. 
5 
“2 
1910 *1 
1935 “I 
1927 “1 
Igo (*1 
*3 
1918 *1 
*7 
1. 
1918 *1 
*3 
1914 “1 
1940" *t 








LIST 1—Continued 


Edi- 
Born Died tion 
Starred 
Woodring, Wendell P. 6-13-91 “~. 


Woodward, Robert S. 7-21-49 1924 *1 


Woodworth, Jay B. 1-2-65 1925 “1 
Wrather, William E. 1-20-83 *6 
Wright, Frederick E. 10-16-77 *2 


COLLEGIATE TRAINING 


Grouped by undergraduate educa- 
tion, the starred geologists are found to 


STEPHEN S. VISHER 





with 7~—21 to each. Harvard also led in 
the 1932 group and tied for first place 
for the 1943 group. Yale ranked first for 
those starred in 1909 and tied for first 
for the 1943 group. Chicago ranked first 
for the group starred in 1921, tied for 
first for the 1937 and 1943 groups, and 
stood second for 1932. California tied 
for second place for the 1921 group and 
for first in the 1937 and 1943 groups. 
Cornell stood third in 1903 and tied for 


TABLE 1* 


COLLEGIATE DEGREES TO STARRED GEOLOGISTS 


INSTITUTION 
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* Also, 2 each at Bryn Mawr, Cincinnati, Colby, Colgate, Cornell (Iowa), Illinois, lowa State College, Maine, Massachusetts 


College, Michigan, Middlebury, Missouri, New Mexico, New York University, Oberlin, Princeton, Queen's, Stanford, Toronto, 


Washington (Seattle), and Wesleyan. 


have graduated from 81 American col- 
leges or universities. Seven institutions 
graduated 9 or more—a total of 118, or 
nearly one-half of the total having Amer- 
ican college degrees (Harvard, 38; Yale, 
22; Cornell, 16; California, 12; Chicago, 
12; Amherst, 9; and Columbia, g). Eight 
institutions graduated from 3 to 7; 19 
graduated 2 each; and 46 graduated 1 
each (see List 2 and Table 1). 

In the collegiate training of the older 
group (starred in 1903) Harvard, Yale, 
Cornell, and Amherst were pre-eminent, 





second in 1921 and for first in 1927. For 
the last three starrings combined, Chi- 
cago and Harvard tied for first; Califor- 
nia and Yale for third; Denison, Hop- 
kins, and Iowa for fifth. Of the 248 
starred geologists who graduated from 
American colleges, many more than half 
had as an undergraduate at least one 
starred geologist as a teacher. It appears 
that most subsequently starred geolo- 
gists chose their profession before gradu- 
ating from college. 

The most important influence in the 
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training of leaders in research clearly 
appears to be enthusiastic teachers of 
their science. Opportunities for employ- 
ment undoubtedly are also highly sig- 
nificant, as are the ready availability of 
unsolved problems which are not too 
difficult for beginners. Without such 
problems, inspiring teachers have serious 
difficulty in developing productive fol- 
lowers. Without well-qualified teachers 
but with not too difficult research prob- 
lems available, some scientists develop, 
largely self-taught. Nevertheless, even 
of the older starred geologists, each of a 
vast majority has named, on occasion, 
an enthusiastic teacher of geology as de- 
serving great credit for having deeply in- 
terested him in the subject and started 
him on his scholarly career and for hav- 
ing provided vital parts of the back- 
ground of training, objectives, and self- 
confidence which enabled him to attain 
a high level of research achievement. 
Often, of course, more than one teacher 
contributed notably to the inspiration 
of the embryo geologist. 

Former teachers, now dead, who had 
two or more of their special undergradu- 
ate students later win stars include: 
Bascom (Bryn Mawr), Bayley (Colby, 
Illinois), Carney (Denison), T. C. Cham- 
berlin (Beloit, Chicago), J. D. Dana 
(Yale), Davis (Harvard), Emerson (Am- 
herst), Haworth (Kansas), Salisbury 
(Chicago), Shaler (Harvard), Tarr (Cor- 
nell), and H.S. Williams (Cornell, Yale). 
(Additions to this list of living men in 
this category, as well as deceased ones, 
will be welcomed.) 

Although many colleges have given 
undergraduate work to starred geolo- 
gists, only 3 were graduated from one of 
the numerous agricultural and engineer- 
ing schools, and apparently none from 
the many state teachers or Catholic 
colleges. 
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LIST 2 


COLLEGES FROM WHICH STARRED GEOLO- 
GISTS RECEIVED THE BACHELOR’S 
DEGREE 


AMHERST: Clark, 1; Clarke, J. M., 1; Cross, 1; 
Emerson, 1; Hitchcock, 1; Holland 1; Kemp, 
1; Loomis, 4; Mansfield, 4 
Be.oir: Chamberlin, T. C., 1; Huntington, 3; 
Kummel, 1; Meinzer, 4; Salisbury 1 
Bryn Mawr: Gardner, 6; Mrs. Knopf, 6 
CALIFORNIA: Buwalda, 4; Foshag, 6; Knopf, 
A., 3; Larsen, 4; Louderback, 3; McLaughlin, 
6; Palache, 2; Ransome, 1; Schaller, 3; 
Short, 7; Stock, 6; Weaver, 7 
Cuicaco: Atwood, 3; Behre, 6; Blackwelder, 3; 
Capps, 5; Chamberlin, R. T., 3; Chaney, 5; 
Flint, 7; Krumbein, 7; Tolman, 3; Trow- 
bridge, 6; Wentworth, 5; Wrather, 6 
Cincinnati: Bassler, 3; Bridge, 7 
Co.sBy: Mathews, 2; Smith, G. O., 2 
CoLcaTE: Brigham, 1; Cooper, 7 
CoLumBIA: Gregory, W., 3; Fenner, 5; Hollick, 
1; Irving, 2; Matthew, 3; Merrill, 1; Ries, 1; 
Weed, 1; Willis, 1 
CorNELL: Ashley, 2; Branner, 1; Butler, 4; 
Cushing, 3; Derby, 1; Fairchild, 1; Graton, 
3; Harris, 1; Hill, 1; Holmes, 1; Prosser, 1; 
Raymond, 4; Rich, 6; Martin, 3; Weller, 1; 
White, D., 1 
CoRNELL COLLEGE (Iowa): Alden, 3; Calvin, 1 
DENISON: Croneis, 7; Foerste, 5; Mather, 4; 
Moore, 5 
HARVARD: Barton, 5; Becker, 1; Billings, 7; 
Bowman, 3; Brooks, 1; Clarke, F. W., 1; 
Cushman, 5; Davis, 1; Diller, 1; Dodge, 1; 
Eastman, 1; Eldridge, 1; Emmons, 1; 
Ferguson, 5; Gale, 3; Gannett, 1; Goldthwait, 
4; Jackson, 1; Jaggar, 2; Keith, 1; Lahee, 5; 
Lane, 1; Merwin, 5; Niles, 1; Penrose, 1; 
Shaler, 1; Shepard, 6; Smyth, 1; Spurr, 1; 
Tarr, 1; Tunell, 7; Vaughan, 1; Woodworth, 
1; Wolff, 1 
Jouns Hopkins: Bayley, 2; Cooke, 6; Mertie, 7; 
Reeside, 5; Reid, 1; Singewald, 4 
ILLINOIS: Johannsen, 3; Ross, 5 
Iowa: Kay, M., 7; Keyes, 1; King, 7; Leighton, 
5 
Iowa COLLEGE: Leverett, 1; Springer, 4 
Kansas: Case, 3; Dunbar, 6; Haworth, 1; 
Rogers, 4; Sellards, 5 
LEuHIGH: Barrell, 2; Bowie, 4; Hewett, 4 
MareE: Farrington, 1; Merrill, 1 
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY: 
Burbank, 7; Crosby, 1; Grabau, 1; Lough- 
lin, 4; Matthes, 3; Newell, 1; Stose, 4 

MICcHIGAN: Bastin, 3; Winchell, N., 1 

Mimp.tesury: Knowlton, 1; Hall, 1 

MINNESOTA: Berkey, 3; Grant, 1; Grout, 4; 
Levorsen, 7; Lovering, 6; Winchell, A. N., 2 

Missour!: Rubey, 6; Longwell, 5 

NEw Mexico: Bryan, 5; Johnson, 3 

NEw YorK UNIVERSITY: Russell, 1; Steven- 
son, I 

OBERLIN: Hayes, 1; Todd, 1 

PRINCETON: Osborn, 1; Scott, 1 

QUEEN’s (Ont.): Bateman, 5; Bowen, 4 

STANFORD: Arnold, 2; Hess, 5 

ToRONTO: Kay, G., 5; Lawson, 1 

WASHINGTON (Seattle): Gilluly, 6; Waters, 7 

WESLEYaN (Conn.): Rice, 1; Lee, 3 

WIsconsIn: Bascom, 1; Buckley, 1; Hotchkiss, 
7; Leith, 2; Mead, 4; Van Hise, 1 

YALE: Blake, 1; Bradley, 6; Brush, 2; Bryan, 
5; Dana, 1; Day, 2; Dutton, 1; Girty, 3; 
Gregory, H. E., 2; Hague, 1; Hatcher, 1; 
Hovey, 3; Iddings, 1; Nolan, 6; Penfield, 1; 
Pirsson, 1; Schairer, 7; Simpson, 7; Twen- 
hofel, 4; Washington, 1; Williams, H. S., 1; 
Williston, 1 


INSTITUTIONS GRADUATING ONE EACH 


ALABAMA: Smith, E. A., 1; ALBION: Bretz, 6; 
ALBRIGHT: Woodring, 5; ALFRED: Butts, 4; 
ARKANSAS: Miser, 4; Bowpo1n: Wadsworth, 1; 
Brown: Buddington, 6; CASE: Spencer, A. C., 
2; CENTRAL (Mo.): Emmons, W., 3; COLORADO: 
Stanton, 1; CoLorapo COLLEGE: Heald, 4; 
DarTMOJTH: Upham, 1; EureKa (Ill.): Hay, 2; 
GEORGE WASHINGTON: Ward, 1; HEIDELBERG 
(Ohio): Fenneman, 3; Hiram: Reed, 6; INDI- 
ANA: Kindle, 3; KANSAS STATE: Williston, 1; 
LENOX COLLEGE (Iowa): Merriam, 2; Massa- 
CHUSETTS COLLEGE: Wheeler, 2; Moores HILL 
(Ind.): Bain, 1; OccIDENTAL: Kerr, 7; OHIO: 
Griggs, 7; Onto (Athens): Safford, 1; Onto 
NORTHERN: Mendenhall, 2; OHIO WESLEYAN: 
Shaw, 3; OKLAHOMA: De Golyer, 7; PENNSYL- 
VANIA STATE COLLEGE: Wieland, 3; POMONA: 
Anderson, 7; ROCHESTER: Gilbert, 1; RUTGERS: 
Lull, 3; Scto CoLLEGE (Ohio): Stephenson, 4; 
Simmons: Ingerson, 7; St. Louis: Macelwane, 
6; Texas: Trask, 6; Trinity: Bowie, 4; Tu- 
LANE: Vaughan, 1; UNION: Julien, 1; VIRGINIA: 
Fontaine, 1; VIRGINIA STATE COLLEGE: Wat- 
son, 3; WASHINGTON AND LzE: Thom, 5; WEST 
VirGINIA: White, I. C., 1; WiLL1aMs; Powers, 
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4; WorForp (S.C.): Smith, J. P., 1; Worces- 
TER: Hobbs, 1; WyomINc: Gilmore, 5 


DOCTORAL TRAINING 


For their graduate work (List 3 and 
Table 2) most starred geologists at- 
tended relatively few universities. Very 
few took their doctorate at an American 
university which did not have two or 
more starred geologist professors. This 
implies that, with few exceptions, expert 
training is needed. Of the 1903 and 1909 
groups, 14 obtained doctorates from 
Europe; but of the younger native geolo- 
gists, only 1 (Bucher) did so. In recent 
years America has afforded at least as 
good advanced geological training as 
Europe, as well as more opportunities 
for well-qualified geologists. This helps 
to explain the immigration here of a 
number of capable geologists (6 among 
those starred during 1932-43). 

Of the 188 starred geologists with 
regular doctorates (not honorary de- 
grees), 102 received their degrees from 
four American universities (Yale 37, 
Chicago 23, Harvard 22, or Hopkins 
20); and 24 received them in Europe. Of 
the remaining 62, 12 received their doc- 
torate at California and 10 at Columbia. 
(For the complete list see List 3.) Of the 
recent starrings (1932-43), Yale con- 
ferred doctorates upon 15, Chicago 11, 
Harvard 11, California 6, Hopkins 6; no 
other university on more than 2 (Table 
2). 

Table 2 discloses interesting varia- 
tions from time to time in institutional 
doctoral productivity. California stood 
low, or rather low, until 1937, when it 
tied for first place. Chicago led in 1921 
and tied for first place in 1932 and 1937. 
Columbia and Cornell tied for third 
place in 1921 but stood low at the other 
starrings. Harvard stood high in 1903, 
1927, 1932, and 1943. Hopkins stood 
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second in 1903 and fourth in 1932 and 
1937. Yale led in 1903, 1927, 1943, and 
tied in first in 1932 and 1937. 

The fluctuation in output of subse- 
quently starred men correlates partly 
with the age of the leading teachers. 
Elderly men, despite perhaps earnest 
efforts strongly to stimulate their stu- 
dents to high achievement, are usually 
distinctly less successful in doing so than 
are men less removed from their students 
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about one-fifth of those of the next three 
starrings, and about one-tenth of those 
of the last three. Many of the older 
geologists had graduate work (without 
receiving a doctorate) in Germany or at 
Harvard. Of those starred during 1921- 
43 without a doctorate, 3 had graduate 
work at Chicago (Shaw, Tolman, Wrath- 
er), 2 at Yale (Heald, Rubey), 2 at Har- 
vard (Gale, Matthes), and 1 each at 
Columbia (Sales), Cornell (Butler), and 


TABLE 2* 


DOCTORATES TO GEOLOGISTS—-SUM MARY 
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* Also, 2 each at Massachusetts Institute of Technology (4, 7), New York University (1); 1 each at Bryn Mawr (6); Illinois (5); 


Towa (5). 


in age and achievement. When the gap 
in age and scholarly achievement be- 
tween professor and student is large, the 
close fellowship which apparently is al- 
most essential for effective stimulation 
can seldom obtain. Thus an enthusias- 
tic, able instructor usually has far more 
influence on his students than the same 
individual has twenty or thirty years 
later, after he has become, perhaps, a 
world-renowned geologist. 

Some mention of graduate work which 
did not lead to a doctorate is appropriate. 
A considerable number of starred geolo- 
gists did not acquire an earned doctor- 
ate—55 per cent of those starred in 1903, 











Massachusetts Institute of Technology 
(Burbank). 


MOBILITY 


There is a correlation between the 
number born in a region, state, or city 
and the number who had their college 
and graduate work there. However, de- 
tailed studies prove that starred geolo- 
gists are highly mobile. Many did not 
attend the nearest good school; most of 
them went some hundreds of miles; and 
a few crossed the continent for .their 
Bachelor’s degrees, as did several for 
their doctorates. 

A study of the approximate distance 
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from their birthplace to the college from 
which they graduated has been made for 
205 geologists, with the following re- 
sults: 5 native-American starred geolo- 
gists graduated from a college more than 
2,000 miles from their birthplace; 17 
graduated from one 1,000-2,000 miles 
away ; 30 from one 500—1,000 miles away; 
34 from one 250-500 miles away; 46 
from one 100-250 miles away; 47 from 
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of their birthplace. These latter were 
largely persons born in or near Boston, 
New York, Chicago, Baltimore, or San 
Francisco. 

Despite the fact that the average 
starred geologist attended a college 
about 200 miles from his birthplace and 
had graduate work in a university more 
than 500 miles from his birthplace, 
nevertheless the large sections of the 


TABLE 3 


SOME TRENDS BASED ON DECADE OF BIRTH 
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* Seventeen distinguished geologists who died before starring was done are included in this table. Seven were presidents of the 
Geological Society of America. Doubtless, all would have been starred had they lived to 1903. The 17 are: E. D. Cope, J. D. Dana, 
G. Dawson, J. Dawson, Jas. Hall, F. V. Hayden, T. S. Hunt, A. Hyatt, Jos. LeConte, J. Leidy, J. P. Lesley, O. C. Marsh, J. S. New- 
berry, Edw. Orton, J. W. Powell, G. H. Williams, and Alex Winchell. 


one 25-100 miles distant; and 26 from 
one within 25 miles of their birthplace. 

For their graduate work, including 
formal study in European universities, 
32 native-American starred geologists 
went more than 3,000 miles from their 
birthplace; 23 went 1,000-3,000 miles; 
39 went 500-1,000 miles; 29 went 250- 
500 miles; 21 went 100-250 miles; 19 
went 25-100 miles; while 15 received 
their graduate schooling within 25 miles 





nation which were the birthplace of 
many subsequently starred geologists 
likewise trained many. 


SOME EDUCATIONAL TRENDS 


Table 3 reveals some trends as to 
place and amount of schooling. A trend 
clearly evident is for more general aca- 
demic training. Of the older starred 
geologists, a tenth were not college grad- 
uates; relatively few had doctorates. Of 
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those born since 1870, only 1 is not a 
college graduate, and only 7 born since 
1879 do not have the doctorate. 

Another trend is toward the increas- 
ing importance of the state universities 
in the training of geologists and the rela- 
tive decline for the endowed colleges and 
universities, especially those of the North- 
east. However, of the 14 born since 1899, 
only 4 got their college degrees from 
state universities (2 from Iowa), and 
only 1 his doctorate. 

The declining importance of Europe 
in the doctoral training of starred geolo- 
gists is notable. In brief, of those born 
before 1860 who had earned doctorates, 
Germany conferred them upon about 
one-third; of those born in the sixties, 
about one-sixth; of those born in the 
seventies, about one-twentieth. Of the 
native-American starred geologists born 
since 1888, not one received a doctorate 
in Europe. 

LIST 3 
UNIVERSITIES FROM WHICH STARRED 
GEOLOGISTS RECEIVED DOCTORATE 

Bryn Mawr: Knopf, Mrs. A., 6; 

CALIFORNIA: Anderson, 7; Buwalda, 4; Foshag, 
6; Knopf, A., 3; Larsen, 4; Louderback, 3; 
Macelwane, 6; Palache, 2; Stock, 6; Trask, 6; 
Weaver, 7; Ransome, 1 

Cuicaco: Alden, 3; Atwood, 3; Bain, 1; Bastin, 
3; Behre, 6; Blackwelder, 3; Bretz, 6; Capps, 
5; Case, 3; Chamberlin, R. T., 3; Chaney, 5; 
Emmons, 3; Fenneman, 3; Flint, 7; Kay, G., 
5; Krumbein, 7; Kummel, 1; Leighton, 5; 
Mather, 4; Meinzer, 4; Moore, 5; Shepard, 
6; Trowbridge, 6 

CoLtuMBIA: Fenner, 5; Gregory, W., 3; Irving, 
2; Johnson, 3; Kay, M., 7; Lull, 3; Matthew, 
3; Merrill, 1; Ries, 1; Rogers, 4 

CoRNELL: Cushing, 3; Graton, 3; Martin, 3; 
Prosser, 1; Rich, 6; Watson, 3 

GEORGE WASHINGTON: Bassler, 3; Hollick, 1; 
Knowlton, 1; Stanton, 1 

HarVARD: Barton, 5; Billings, 7; Croneis, 7; 
Cushman, 5; Daly, 2; Foerste, 5; Goldthwait, 
4; Griggs, 7; Jackson, 1; Jagger, 2; Lahee, 5; 
Lane, 1; McLaughlin, 6; Mansfield, 4; 
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Merwin, 5; Penrose, 1; Powers, 4; Short, 7; 
Tunell, 7; Vaughan, 1; Wadsworth, 1; Wolff, 
I 


ILLINOIS: Ross, 5 

Iowa: Wentworth, 5 

Jouns Hopkins: Bascom, 1; Bayley, 2; Cooke, 
6; Gardner, 6; Grant, 1; Haworth, 1; Hayes, 
1; Hobbs, 1; Keyes, 1; Lee, 3; Mathews, 2; 
Mertie, 7; Reeside, 5; Reid, 1; Singewald, 4; 
Smith, G. O., 2; Spencer, A. C., 2; Stephen- 
son, 4; Thom, 5; Woodring, 5 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY: 
Bowen, 4; Newhouse, 7 

MinneEsora: Berkey, 3; Gruner, 7; Lovering, 6 

NEw York UNIVERSITY: Julien, 1; Stevenson, 1 

PRINCETON: Bridge, 7; Buddington, 6; Osborn, 1 

STANFORD: Arnold, 2; Ashley, 2; Kerr, 7; 
Reed, 6 

Wisconsin: Buckley, 1; Hotchkiss, 7; Leith, 2; 
Mead, 4; Van Hise, 1 

YALE: Barrell, 2; Bateman, 5; Beecher, 1; 
Bowman, 3; Bradley, 6; Bryan, 5; Cooper, 7; 
Dana, 1; Day, 2; Dunbar, 6; Farrington, 1; 
Ferguson, 5; Gilluly, 6; Girty, 3; Gregory, 
H. E., 2; Grout, 4; Hewett, 4; Hovey, 3; 
Huntington, 3; Ingerson, 7; Kindle, 3; King, 
7; Longwell, 5; Loughlin, 4; Nolan, 6; Ray- 
mond, 4; Rice, 1; Safford, 1; Schairer, 7; 
Sellards, 5; Simpson, 7; Twenhofel, 4; 
Waters, 7; Weller, 1; Wieland, 3; Williams, 
1; Williston, 1 


EvuROPEAN UNIVERSITIES: Antevs, 5; Balk, 6; 
Becker, 1; Bucher, 5; Cloos, 6; Cross, 1; 
Eastman, 1; Emerson, 1; Gutenberg, 6; 
Hilgard, 2; Loomis, 4; Merriam, 2; Ruede- 
mann, 3; Schaller, 3; Scott, 1; Shand, 7; 
Smith, E. A., 1; Smith, J. P., 1; Spencer, 
J. W., 2; Ulrich, 2; Washington, 1; Wheeler, 
2; Williams, 7; Wright, 2 


AGE WHEN STARRED 


Table 4 presents facts as to age at 
starring. It discloses that the median 
age has varied from 40 to 49; a large 
share of the men were 45-55 when 
starred; 31 were past 60; and 48 were 
under 40 (of whom 23 were starred in 
1903, 9 in 1909). Since 1909 only 2 men 
under 37 have been starred; but in 1903 
and 1909, 12 men under 37 were starred. 

Most of the men who were starred 
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under 35 years were born in the 1870's. 
Some of these had done enough work to 
win a star in 1903, when 110 men were 
starred and stars were easiest to get. 
This was because about a fourth of all 
of the geologists who had published 
several research papers were starred. 
Because of the sharp subsequent in- 
crease in the number of men who have 
done geological research, there have 
been in recent decades many more who 
have done considerable research; yet the 
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with the result that the youngest born 
in the 1880’s were starred at 39. The 
geologists born in the 1890’s did not 
need to wait so long for starring, as the 
next starring came in 1927. However, 
the youngest of the 1890-99 group was 
starred at 37—2 at 38, and 2 at 39. Only 
13 geologists born after 1900 have yet 
been starred, at ages 32 (Griggs), 36, 37, 
38, 39, 40, 41 (6), and 42. 

Three of the 8 geologists starred while 
under 35 years before 1943 have already 


TABLE 4 








AGE Tere ~y 

| 1903 | 1909 
Median age........... 46 40. si 
Percentage aged 45-55. . -_ | 18 
Percentage under 45.... 4o ||) «(65 
Percentage over 55.....| 27 | 17 
Number past 60........ 19 s 
Maximum age......... 81 78 
DORE GUNES... «5 ooo p.0ds 77 76 
Number under 40..... 23 9 
Minimum age.......... 31 32 
Next youngest........ 32 34 

| 
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number of stars is about constant. Most 
of those who had by 1903 held a doctor- 
ate in geology for more than a decade 
were starred, as well as many without a 
doctorate. In 1943, on the other hand, 
less than a twentieth of those who had 
held doctorates in geology for a decade 
were newly starred. One man of the 1903 
starring was only 31 (Buckley), and 
three were 32 (Bain, Brooks, Ries). In 
1909 Wright was starred at 32, and two 
at 34. None of ‘he geologists born in the 
1880’s were starred in 1909; and, be- 
cause no starring took place during the 
first World War, they had to wait twelve 
years for the next starring, until 1921, 


been elected presidents of the Geological 
Society of America, and a fourth is a 
member of the National Academy of 
Sciences. The recognition implied by 
early starring appears to have encour- 
aged all but a few recipients to higher 
endeavors. The more honor is due, there- 
fore, to the several geologists who, passed 
over at a previous starring and without 
the encouragement that this recognition 
affords, have had the persistence to con- 
tinue their geologic studies until long 
after most men quit hard work and who 
won their stars at 65 or beyond—one at 
79, another at 78, and others at 76, 70, 
67, and 65 (2). 
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CLARKSTON STAGE OF THE NORTHWEST PLEISTOCENE 





R. L. LUPHER 
State College of Washington 


ABSTRACT 


An episode of proglacial aggradation, here named the “Clarkston stage,” is recorded in the Lewiston 
Basin region on the lower Snake River. Stream gravels accumulated to a depth of more than 400 feet in the 
Snake River canyon and in the lower portions of most tributary canyons. One or two tributary streams were 
ponded by the fill of the main canyon. The deposits are characterized by considerable cementation, weather- 
ing of basalt and granitic stones, and iron oxide stain. Two-story canyons were formed by cessation of erosion 
beneath the fill, prolonged lowering of slopes above, and later excavation of the fill. The Clarkston stage 
followed earlier Pleistocene deposition, deformation, and dissection but antedated the Wisconsin stage. 


INTRODUCTION 


The record of the latest Pleistocene 
of southeastern Washington has received 
considerable attention during the last 
two decades by workers who were pri- 
marily concerned with the origin of the 
channeled scablands and related features. 
Information on the stratigraphic aspects 
of Pleistocene history has been largely 
incidental to physiographic studies, and 
we have no clear understanding of 
Pleistocene chronology as a whole in that 
area. 

Attempts to recognize a sequence of 
glacial and interglacial stages in the 
northeastern Washington area invaded 
by continental ice have not been suc- 
cessful, and it seems that a reliable 
Pleistocene chronology can best be 
worked out in southeastern Washington, 
where there is a considerable record of 
depositional and degradational episodes, 
deformation, renewed outpouring of la- 
vas, and proglacial stages. Some of these 
events are recorded in the Lewiston 
Basin region about 100 miles above the 
mouth of the Snake River. The Asotin 
stage of canyon-cutting, apparently of 
early Pleistocene age, has been recog- 
nized there;t and stream and lake de- 


'R. L. Lupher and Walter Warren, “The Asotin 
Stage of the Snake River Canyon near Lewiston, 
Idaho,” Jour. Geol., Vol. L (1942), pp. 866-81. 
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posits of the Wisconsin stage are also 
present. It is now possible to recognize 
between these two extremes a new Pleis- 
tocene stage of proglacial aggradation 
which is named the “Clarkston stage.” 
The primary purpose of this paper is to 
describe the stage in its type area center- 
ing at Clarkston, Washington. The stage 
is probably recorded by some of the 
early stream gravels, noted by earlier 
writers, in the region west of the Lewis- 
ton Basin; but the writer believes that 
correlation and tracing out of these and 
other deposits can be done best after a 
more complete Pleistocene chronology 
is established in critical areas. 


GENERAL GEOLOGIC SETTING 


The known Clarkston deposits lie a 
short distance inside the eastern margin 
of the Columbia River basalts. In this 
region most of the major stream courses 
were established on an erosion surface of 
low relief prior to the Pleistocene. Early 
Pleistocene history is imperfectly known. 
The Ringold formation of south-central 
Washington apparently is the first sedi- 
mentary record. A critical question, up- 
on which there is no general agreement, 
is that of the time relation of the Ringold 
formation to the diastrophic activity 
that initiated the present erosion cycle. 
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J. C. Merriam and J. P. Buwalda’ be- 
lieved that the Ringold was deposited in 
structural basins after the deformation. 
H. E. Culver suggested that it was pre- 
ceded by minor deformation and fol- 
lowed by major deformation, and Charles 
Warren‘ believes that deformation and 
deposition were largely contemporane- 
ous. The writer believes that the Ringold, 
though early Pleistocene in age, is older 
than the major deformation because the 
sediments contain little erosional ma- 
terial from the basalts and extend into 
upland regions that have been trenched 
by the modern canyons. This conclusion 
leads to the thesis that the major de- 
formation and dissection of the lava 
and, therefore, all lake and stream de- 
posits of the present erosion cycle are of 
Pleistocene age. 

The Ringold formation has not been 
certainly recognized in the vicinity of 
Lewiston Basin; a sedimentary deposit, 
largely eolian and commonly called the 
“Palouse soil” or “Palouse loess,” lies 
upon the basalts in the Palouse Hills 
north of the basin, but little is known of 
its age or time range other than that the 
upper part is Pleistocene or Recent. 

The major deformation of the lavas, 
presumably beginning early in the Pleis- 
tocene, produced the Columbia Basin, a 
major structural basin centering near 
the junction of the Snake and Columbia 
rivers and bordered by the Cascade, 
Blue, and Rocky mountains. In the 
Clarkston region (Fig. 1), well up on the 
eastern side of the basin, the lavas were 


2“Age of Strata Referred to the Ellensburg 
Formation in the White Bluffs of the Columbia 
River,” Univ. Calif. Publ., Bull. Dept. Geol., Vol. X 
(1917), pp. 255-66. 

3“Extensions of the Ringold Formation,” 
Northwest Science, Vol. XI (193), pp. 57-60. 
in Southern 
Sci., Vol. 


4“Course of Columbia River 
Central Washington,” Amer. Jour. 
CCXXXIX (1941), pp. 221-22. 


R. L. LUPHER 





warped and elevated so that streams of 
the present cycle carved many deep 
youthful canyons. Lewiston Basin at the 
junction of the Snake and Clearwater 
rivers is a minor structural and erosional 
depression about 18 miles long, 12 miles 
wide, and 2,000 feet deep (Fig. 2). The 
north side is a steep escarpment because 
the lavas, which are nearly horizontal 
beneath the plateau region to the north, 
bend down abruptly at angles of as 
much as 60°. The east-west axis of the 
syncline lies immediately south of Lewis- 
ton, close to the northern escarpment; 
the lavas rise southward at an average 
rate of about 3° to the Blue Mountains 
on the southwest and to Craig Mountain 
on the southeast. The structural closure ' 
of the asymmetric syncline is 1,700 feet, 
but the low central part has been eroded 
300 feet deeper and somewhat widened 
by the Snake and Clearwater rivers, 
which debouch from deep canyons in the 
margins of the basins. Eight miles west 
of Lewiston the Snake leaves the basin 
through the northern escarpment, flow- 
ing at an altitude of 685 feet above the 
sea in a canyon 2,000 feet deep. 

An early episode in the Pleistocene 
deformation and dissection of the lavas is 
recorded by the Asotin stage,’ in which 
canyons across the growing Lewiston 
Basin syncline reached a maximum depth 
of 1,325 feet and then were nearly filled 
by lava flows, thus causing the streams to 
begin their work anew. 

Most of the deformation and dissec- 





tion came after the Asotin stage, and 
there is no known record of cessation of 
downcutting by streams until major 
canyons were nearly as deep as they are 
now; but before the end of the Pleisto- 
cene there came three episodes of pro- 
glacial deposition, each followed by dis- 
section of the deposits and slight deep- 


5 Lupher and Warren, ftn. 1 (1942). 
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ening of the original canyons. The first 
of these episodes is the Clarkston stage 
which is to be described in this paper; the 
second and third coincide with the much- 
discussed scabland history of the Wis- 
consin stage. The scabland history of cen- 
tral and southern Washington, as re- 
vealed by earlier writers, is too complex 
to be reviewed here; its principal effects 
in the Vewiston Basin region are found in 
local eroded tracts on the sides of can- 
yons, discontinuous deposits of gravel 
and coarse sand,° and a more widespread 
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CLARKSTON STAGE 
OUTLINE OF HISTORY 


When the canyons were cut to within 
50 feet of their present depths, a gravel 
fill began to accumulate along the Snake 
River and eventually reached a thick- 
ness of more than 400 feet. Some tribu- 
taries, because of steep gradients and 
adequate gravel loads, kept pace with 
the rising surface of the fill in the main 
canyon; but Tammany Creek was pond- 
ed, and there is some evidence that the 





Fic. 2.—View southward across Lewiston Basin. City of Clarkston on right; Clarkston gravel fill in 
former course of Snake River trends northwest beneath plowed field beyond; post-Clarkston course of 
Snake River in center; Clearwater River and Lewiston on left. 


mantle of silt and fine sand. The fine- 
grained deposits are the product of lake 
deposition ; they are similar to, and prob- 
ably contemporaneous with, the Touchet 
beds that were deposited in the Lake 
Lewis area of south-central Washington. 
Some of the coarse deposits were formed 
adjacent to ice jams which clogged the 
narrow lake in the manner advocated by 
Ira S. Allison;’? others may record an 
earlier episode of normal aggradation. 


6 J Harlen Bretz, “Valley Deposits Immediately 
East of the Channeled Scablands of Washington,” 
Jour. Geol., Vol. XXXVII (1929), pp. 408-27, 
595-9. 


”“Flint’s Fill Hypothesis of Scabland Origin,” 
Jour. Geol., Vol. XLIX (1941), pp. 54-73. 





Clearwater River was ponded in its lower 
course after aggrading to a depth of 320 
feet. 

At the beginning of the Clarkston ag- 
gradation, Snake River followed a can- 
yon northwest from a point opposite the 
mouth of Tammany Creek and was 
joined by the Clearwater 4 miles west of 
the present junction (Fig. 1). A ridge of 
resistant intracanyon lavas of the Asotin 
stage formed the interstream divide; 
and as the Snake River fill neared its 
maximum depth, the river periodically 
crossed the divide and poured gravels in- 
to the broad valley of the lower Clear- 
water in the structural low of the basin. 
The river was superposed on one of the 
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divide crossings during post-Clarkston 
dissection of the fill and cut a new can- 
yon along its present course northward 
from Tammany Creek (Fig. 2). 

The fill halted erosion in the deeper 
portion of the canyon, whereas normal 
lowering of slopes and stream gradients 
continued above the fill. Several rock 
terraces were cut at the highest level of 
the fill (Fig. 4). Subsequent erosion has 
removed most of the fill, and canyons now 
show a two-story effect: a rock-walled 
inner canyon below the original fill sur- 
face and more widely flaring upper slopes 
above the fill surface. 

The cause of the Clarkston aggrada- 
tion is unknown. However, it coincided, 
in some degree, with a glacial s.age; 
and the common association of aggrada- 
tion with proglacial conditions in other 
regions suggests that the Clarkston ag- 
gradation was induced by glaciation in 
the mountainous tracts drained by the 
Snake and Columbia rivers. The fill in 
Snake River canyon cannot be a valley- 
train deposit, in the sense of having been 
graded to a near-by glacier front. Pre- 
sumably, the fill was caused either by 
increased load carried by tributary 
streams from widely distributed moun- 
tain glaciers in central Idaho and north- 
eastern Oregon or, indirectly, by aggra- 
dation in the Columbia River valley at 
the mouth of the Snake. The diastrophic 
history of this part of the Pleistocene has 
not been elucidated; the possibility, 
therefore, of regional depression, or of 
faulting and warping west of Lewiston 
Basin, cannot be dismissed. 


DESCRIPTION OF DEPOSITS 


Stream deposits —Most of the Clarks- 
ton fill is stream gravel in which are a 
few lenses of sand. The stream deposits 
are stained and cemented by iron oxide. 
Colors range mostly from light buff to 
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brown, but some zones are so highly 
charged with oxide that they are orange 
or brick-red. Many pebbles are partly 
covered with a rough film of oxide. The 
degree of cementation is comparable to 
that of the Ringold formation of the ear- 
liest Pleistocene or to that of the Hood 
River conglomerate; stream gravels have 
stood with vertical and overhanging sur- 
faces for many years without appreciable 





Fic. 3.—Clarkston gravel in Clearwater valley, 4 
mile south of Lewiston. Rough-surfaced pebbles 
near top are decomposed basalt. 


modification, and some of the sand de- 
posits are sufficiently indurated to al- 
low shaping into fairly durable hand 
samples. 

The stones in the fill brought by the 
Snake and Clearwater rivers are almost 
wholly in the pebble and cobble range 
(Fig. 3). Stones in the 2-6-inch range 
make up the bulk of the fills; but small 
pebbles are numerous and, at their lower 
limit, grade into a matrix of coarse-.to 
medium-grained arkosic sand. A number 
of lenses of arkosic sandstone, a few 
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inches to a few feet in thickness, have 
been seen in the Clearwater valley fill. 
Most pieces of boulder size are rolled 
blocks from near-by canyonsides; a few 
are roundstones; and some are ice-rafted 
erratics. 

It is difficult to determine the abun- 
dance of erratics because (1) loose blocks 
of foreign rocks lying on eroded Clarks- 
ton fill cannot be distinguished from 
erratics carried during the Lake Lewis 
episode of the Wisconsin stage, and (2) 
most of the angular blocks buried in 
Clarkston fill are basalt and are to be 
suspected of local derivation. However, 
two unmistakable Clarkston erratics were 
visible in April, 1944, in a gravel pit on 
South Eighteenth Street at the south- 
east margin of Lewiston. These two 
blocks are angular; one, of granodiorite, 
is 51 inches in diameter, and another, of 
biotite schist, is 24 inches in diameter. 
They were inbedded in well-sorted peb- 
ble and cobble gravel. A similar block of 
granodiorite was seen in this pit in 1941, 
but it was subsequently removed. The 
nearest possible source for these rocks is 
at least 25 miles east of Lewiston Basin 
and their presence in the fine gravels of 
the Clarkston fill can be explained only 
by ice-rafting. Though only three er- 
ratics are certainly identified, the number 
is comparable to that found in a like 
number of exposures in other proglacial 
stream deposits of southeastern Washing- 
ton when a similar restriction—large 
angular blocks of foreign rock in situ—is 
imposed. 

The gravels contain Tertiary basalts 
and pre-Tertiary igneous and meta- 
morphic rocks in nearly equal amounts, 
though local basalt rubble and rolled 
blocks predominate near canyon walls. 
The pre-Tertiary components, having 
traveled considerable distances from 
their sources in central Idaho and north- 
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eastern Oregon, are mostly well rounded; § ¢ 
their shapes range from nearly spherical § t 
to elongate and flattened (Fig. 3). The§ a 
basalt components, having come from§ s 
distant as well as local sources, range § ( 
from well rounded to angular. The pre-§ t 
Tertiary rocks are in large part the re-§ r 
sistant residues of prolonged abrasion of § fi 
waste from a varied metamorphic and 
igneous terrane. Though the streams tap 
large exposures of granodiorite, the peb- 
bles that reached the Lewiston Basin re- 
gion are largely medium- and fine-grained § g: 
acidic rocks that are probably from aplite § cc 
and complementary dikes, pegmatite and f rc 
vein quartz, and resistant porphyries.§ gr 
From the metamorphic terrane have sc 
come mostly quartzites and hard flintyf Pi 
greenstones, the latter derived from basal- 
tic and andesitic lavas, tuffs, agglomer- 
ates, and intrusives. Pebble counts*® show 
that Snake River gravels, of Pleistocene, 
and Recent ages, are characterized by 
abundant greenstone pebbles, whereas 
the Clearwater River gravels are charac- 
terized by much light-colored quartzite 
and granodiorite; the difference is suf- 
ficient to produce more somber colors in 
the Snake River fill. The gravels have 
undergone marked weathering, so that 
many of the basalt and granodiorite 
roundstones crumble soon after exposure 
(Fig. 3). 

The Clarkston gravels in minor cat- 
yons around Lewiston Basin are com- 
posed of local basalt stones in a matrix 
of basalt waste, clay, and a smal! amount 
of arkosic sand derived from interbasalt 
sedimentary layers. In the canyon of 
Asotin Creek, a vigorous tributary ‘o 
the Snake, the materials range from 
boulder gravel to fine gravel, and many 
stones are well rounded; in the canyon 
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8 W. O. McKenzie, ‘‘Pebble Counts in the Lewis 
ton Basin” (unpublished thesis, State College o! 
Washington, 1942). 
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of Alpowa Creek, a less vigorous tribu- 
tary, the stones are smaller, less rounded, 
and mixed with rubble and finer un- 
sorted basalt waste; along Lindsay 
Creek, a smal] intermittent stream, 
the fill is largely angular rubble, stones 
rounded by spheroidal weathering, and 
finer material—all largely the product of 
mass wastage from near-by hillsides. 

The Clarkston gravels are most re- 
liably distinguished from Wisconsin 
gravels and other younger deposits by 
greater consolidation, by iron oxide 
colors, and by abundant decomposed 
roundstones. In contrast, the younger 
gravels are gray or dark-gray, less con- 
solidated, and relatively unweathered. 
Petrologic composition is not a reliable 
distinction because Clarkston deposits 
have been extensively re-worked. 

Lake deposits—In the bed of Tam- 
many Creek, about a mile above its 
mouth, a fine, blue-gray lake clay is ex- 
posed to a depth of a few feet. Yellowish- 
gray, well-stratified siltstones and sand- 
stones, 20 feet thick, lie upon the clay. 
I. C. Russell? noted these deposits and 
rightly explained them as lake deposits 
formed in a ponded tributary of the 
Snake below the level of Snake River fill. 
However, the prominent bar of gravel 
and silt that Russell noted in the mouth 
of the canyon is of post-Clarkston age, 
and the original Clarkston gravel dam is 
exposed beneath the younger deposits 
only in the upper end of a narrow Recent 
trench carved by Tammany Creek. 

Well-stratified brown sandstone is 
exposed also on the north side of Lewis- 
ton Basin, 1 mile northeast of the Clear- 
water dam, at an altitude of 325 feet 
above the river. The sandstone may be 
the record of sluggish water where Clear- 


»“Geology and Water Resources of Nez Perce 
County, Idaho,” U.S. Geol. Surv. Water Supply 
Paper 53 (1901), p.73. 
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water River flowed upon a broad fill sur- 
face in the middle of the Lewiston Basin, 
or it may be the result of ponding of the 
river by the Snake River fill. Ponding 
of the Clearwater is suggested also by a 
rubble deposit along the highway grade 
to the plateau north of Lewiston. It lies 
at altitudes of 1,050—-1,250 feet A.T., or 
340-540 feet above Clearwater River. 
The rubble contains angular and slightly 
rounded pieces of basalt that range from 
small pebble size to blocks 16 inches in 
diameter. The matrix, which makes up 
about half of the deposit, is dark gray- 
brown clay. The maximum thickness ex- 
posed is about 20 feet. The deposit lies 
upon basalt and is overlain by Touchet 
beds. Somewhat similar rubble is inter- 
bedded with Touchet silt near the bot- 
tom of the grade, and the entire deposit 
may be a marginal facies of the Touchet 
lake deposits. However, the deposits at 
the higher level show a degree of cemen- 
tation and staining that is comparable to 
that of the Clarkston deposits. 

The highest known occurrence of 
Clearwater River gravels of Clarkston 
age, in a fill remnant south of Lewiston, 
is 1,020 feet A.T.; this is 170 feet below 
the high level of near-by Snake River fill. 
It is possible that Clearwater River, like 
Tammany Creek, was ponded by more 
rapid growth of Snake River fill and that 
the sand and rubble at high altitudes on 
the north side of the basin accumulated 
at the margin of a lake. 


DISTRIBUTION AND ALTITUDES OF 
REMNANTS 
Snake River canyon and tributaries.— 
The remnants of Clarkston fill in the 
Snake and Clearwater valleys are large- 
ly obscured by a mantle of younger lake 
and stream deposits. Therefore, the 
stippled areas on the map (Fig. 1) do 
not show the distribution of Clarkston 
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deposits in detail but only the general 
areas in which those deposits are reliably 
indicated by partial exposure and topo- 
graphic expression. 

The largest remnant of Clarkston 
gravels lies in the abandoned segment of 
the Snake River canyon southwest of 
Clarkston. The fill surface is intact for a 
distance of a mile in the middle portion 
and is dissected at each end. Touchet 
lake silt, which once covered the entire 
remnant to a depth of several feet, has 
been removed from the steep surfaces of 





Fic. 4. 
Clarkston gravel. Note inner canyon below fill surface and subdued profiles above. 


dissected portions. The upper surface of 
the fill is somewhat concave, lying at 
1,160 feet A.T. in the middle and rising 
to 1,190 feet A.T. at the margins. The 
bottom of the former canyon is not clearly 
exposed but apparently is not more than 
30 feet above the present surface of 
Snake River and, therefore, between 40 
and 50 feet above the present bed of the 
river. These figures give a maximum 
vertical range of 450 feet from the high- 
est marginal portions of the fill to the 
buried canyon bottom. 

Most of the fill has been removed from 
the deep canyon below Lewiston Basin, 
though a few small remnants were noted 
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in tributary gulches for a distance of 20 
miles northwest of the basin. Remnants k 
between Steptoe and Nisqually John 
creeks have flat tops that lie at 1,030 
feet A.T., or 390 feet above present river- 
level. If the flats correspond to the high- d 
est level of the fill, a downstream slope of . 
12.8 feet per mile is indicated for the fill 
surface between Clarkston and Nisqual- 
ly John Creek. The present gradient of R 
the river, over the same reach, is 3.3 feet F 
per mile. 
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posed in cuts along roads to the uplandg | 
south of the canyon. The upper surfacef nat 
ot the fill is preserved by a veneer olf ¥d 
stream gravel upon a prominent rock 
terrace (Fig. 4). The surface lies at 1,240 
feet A.T. near the mouth of the canyon 
and rises to 1,335 A.T. 2.5 miles up 
stream, thus indicating a downstream 
slope of 38 feet per mile. The Clarkston 
lake sediments on lower Tammany} 
Creek rise to 950 feet A.T. near thé 
mouth of the creek and to 1,150 feel 
A.T. 3 miles upstreain on a terrace thal 
marks the former lake margin. 
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Clearwater valley and tributaries.—Pri- 
or to the Clarkston stage, Clearwater 
River flowed westward near the struc- 
tural low of Lewiston Basin and joined 
the Snake 3.5 miles west of the present 
junction. The river had enlarged and 
deepened the downwarp, so that a struc- 
tural and erosional depression, more than 
3 miles wide and 6 miles long, lay below 
the upper limit of the near-by Snake 
River fill. There is no proof at present 
that this depression was filled with 
stream gravel to the high level of the 
Snake River fill. 

The somewhat unusual nature of the 
elevated masses of Pleistocene sediments 
upon which the twin cities of Lewiston 
and Clarkston are built (Fig. 2) was not- 
ed and described by Bretz: 

The town and orchard tracts of Clarkston, 
Washington, are located on a sloping terrace- 
like fill composed of sand and gravel with 
prominent deltaic foresets. The deposit is a 
broad semimound resting against the south- 
west wall of the valley, its surface descending 
from the highest part roughly 50 feet per mile, 
down the valley, across the valley, and up the 
valley. Its upstream margin has been cliffed by 
undercutting of the Snake. This semimound is 
an impossible shape for a terrace top or a delta 
top, and the slopes are far too steep for either 
feature in a valley as broad as the Snake. There 
is no tributary drainage entering here from 
the higher land to the southwest, to which it 
might be referred as an alluvial-fan deposit. 

Pits in several places afford some idea of the 
nature of the material. Two different deposits 
underlie the tract: an older stained and weath- 
ered gravel beneath an unweathered younger 
deposit in which Columbia basalt constitutes 
about 80 per cent.?° 


The deposit beneath Lewiston has a 
closer resemblance to a terrace, especially 
when viewed from the west or north, 
where it has been undercut by the Snake 
and Clearwater rivers; but the top sur- 
face is noticeably rounded, with the high 


Bretz, pp. 419-20 of ftn. 6 (1920). 
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central point rising to an altitude of 850 
feet A.T., or 140 feet above the adjacent 
river (Fig. <‘. The top and undercut 
margins reveal only post-Clarkston de- 
posits, but Clarkston gravels appear 
from beneath the younger deposits on 
the south side of the mound. South and 
southeast of Lewiston, a large dissected 
mass of gravel fill, partly obscured by a 
mantle of younger deposits, continues 
up the side of the basin to an altitude of 
1,020 feet A.T. It seems probable that 
the Lewiston mound and the Clarkston 
semimound are largely erosional rem- 
nants of Clarkston gravel which are now 
largely hidden by younger surficial de- 
posits. 

The surficial deposits include partly 
cemented gray gravels intermediate in 
age between the Clarkston and the latest 
Pleistocene Touchet beds and scabland 
deposits. The intermediate gravels are 
well exposed along the north and north- 
west margin of the Lewiston mound. 
They resemble Clarkston deposits only 
in an appreciable degree of cementation, 
and they lack the iron oxide stain and 
weathered stones that characterize the 
Clarkston. Moreover, the gravels are of 
Snake River origin and were deposited 
near the bottom of the Clearwater val- 
ley after much of the original Clarkston 
fill had been removed. Similar gray 
gravels, 5-10 feet thick, lie between 
Clarkston remnants and the undulating 
mantle of Touchet lake silt at more than 
1,0co feet A.T. on the south and south- 
east sides of Lewiston. These inter- 
mediate gravels are largely re-worked 
Clarkston gravels, probably left upon 
valley and canyon slopes during the dis- 
section of Clarkston fill. Similar condi- 
tions may be repeated near Alpowa 
Creek and at several places in the can- 
yon below Lewiston Basin, where allu- 
vial deposits rise 50-135 feet above the 
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river. Between Steptoe and Nisqually 
John creeks and at Davis Bar, near Al- 
mota, they form distinct terraces about 
110 feet above the river; other deposits 
are of barlike or semimound aspect. The 
larger masses reach about the same al- 
titude above the river as the top of the 
Lewiston mound, thus suggesting a con- 
siderably eroded post-Clarkston terrace. 
Exposures are shallow and reveal only 
gray, partly cemented gravel and later 
Pleistocene deposits; so it is not known 
whether the remnants represent an ag- 
gradational episode in the Clarkston- 
Touchet interval or a surface cut upon 
Clarkston fill and mantled by re-worked 
materials. 


TOPOGRAPHIC EFFECTS ON COLUMBIA 
RIVER BASALTS 

Two-story canyons—The most pro- 
nounced effect of the Clarkston stage 
upon the regional topography was the 
development of two-story canyons. 
These canyons are remarkably similar 
to those formed by rejuvenation, but in 
this case they are related to aggradation. 
The alluvial fill of the Snake River and 
most of its tributaries eventually buried 
the lower portions of the youthful can- 
yons to depths of more than 4oo feet. 
The canyonsides probably were under- 
cut by the streams during the upbuilding 
of the fill and perhaps also during its dis- 
section; but the effect of the fill was pri- 
marily to bury and, in a sense, to fossilize 
the steep and rocky lower portions of the 
canyons for a long time. In the Clear- 
water canyon and its tributaries, alluvial 
fill, perhaps in combination with im- 
pounded water, produced the same re- 
sult. 

The fill must have remained at or 
near its maximum depth for a long time, 
because the canyon slopes above were 
considerably lowered by erosion and 


R. L. LUPHER 





eventually blanketed by soil and vege-f g 
tation. Likewise, the gradients of steams § y 
tributary to the Snake and Clear-§ gs 
water were progressively lowered up-f ¢ 
stream from the fill, which, as a rule, p 
did not extend bick more than 10 milesf 5 
from the main river. Post-Clarkston dis- § ¢ 
section of the fill excavated the buried fp 
portions of the canyons and so revealed § | 
their steep rocky slopes in sharp con-f R 
trast with the gentler, partly soil-covered§ ( 
slopes above. A 

The two-story character is prominent 
in the Snake River canyon northwestf w 
of Lewiston Basin and can be readily§ ti 
seen on the United States Geological § in 
Survey topographic map of the Pull-§ th 
man, Washington, quadrangle. The in-§ cc 
ner gorge does not owe its origin entirely § th 
to burial and exhumation. for it was lo-B cy 
cally eroded in its lower portion during§ af 
the Wisconsin stage; and undercutting§} ey 
on the outsides of river bends, still inf} fa 
progress, has developed local precipitous st; 
slopes that rise even higher than the§ lo 
gorge. However, between the undercut ta 
slopes, even on the insides of river bends, 
are numerous steep slopes that rise from} pe 
350 to 400 feet above the present riverf ha 
and coincide at their upper limit with lin 

























the highest level of Clarkston fill rem-f re; 
nants. The canyonsides above the inner} va 
gorge and undercut slopes are notice § aft 
ably less steep, and their contrast with are 
the rocky clifis of the inner gorge iff at 
heightened by a partial cover of soil andj} be: 
vegetation. A series of profiles, con-§ mc 
structed from the topographic map olf ter 
the Pullman quadrangle, shows an av-§ spc 
erage slope of 32° on the inner gorge and§ Cl: 
14° on the outer canyon. gra 

In Asotin Creek canyon, south olf im 
Clarkston, a narrow inner gorge is 475% the 
feet deep at the mouth of the canyon§ alo 
but decreases in depth upstream; andl the 








about 7 miles from the Snake River the 
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gorge ends, and the entire canyon has 
widely flaring soil-covered slopes. The 
stream gradient lowers abruptly as the 
canyon widens, and the knickpoint 
probably marks the upstream terminus 
of the fill. Similar conditions are en- 
countered on Alpowa Creek. East of the 
basin the two-story character is well 
shown by the canyons of Clearwater 
River and Potlatch Creek; Cottonwood 
Creek canyon repeats the Asotin Creek— 
Alpowa Creek features. 

Proof that the two-story canyons 
were caused by the Clarkston aggrada- 
tion cannot rest entirely upon the co- 
incidence of fill and inner canyon, for 
there is the possibility of a fortuitous 
coincidence of Clarkston fill surface with 
the knickpoints of a pre-Clarkston two- 
cycle valley formed by rejuvenation 
after an earlier valley stage. The best 
evidence for the aggradation thesis is the 
failure of inner gorges to continue up- 
stream beyond the fill that lay in the 
lower portions of large canyons tribu- 
tary to the Snake and Clearwater. 

Rock terraces.—The ‘two-cycle’ ap- 
pearance of the canyon profiles is en- 
hanced by rock terraces at the upper 
limit of the inner gorges. The terraces 
resemble the strath remnants of an early 
valley that are commonly preserved long 
after rejuvenation of a stream, but they 
are rock terraces cut by streams running 
at the upper level of Clarkston fill. The 
best example seen (Fig. 4) lies at the 
mouth of Asotin Creek canyon and ex- 
tends upstream for 3 miles; it corre- 
sponds in altitude to the upper level of 
Clarkston fill and is partly covered by 
gravel. A similar but smaller terrace lies 
immediately west of Wawawai Creek in 
the Snake River canyon. Elsewhere 
along the Snake and Clearwater rivers 
the terraces are not large, but many 
spurs that come down the widely flaring 
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outer canyon are beveled by horizontal 
or gently inclined surfaces at their junc- 
tion with the inner gorge. 

AGE 

That the Clarkston stage coincided, to 
some degree, with a glacal stage of the 
Pleistocene is assured by large ice-rafted 
erratics in the stream deposits. It seems 
certain that it occurred long after the 
beginning of the Pleistocene but prior to 
the Wisconsin stage. It is not yet pos- 
sible to estimate the position of the stage 
with reference to the Mississippi Valley 
sequence because of uncertainties re- 
garding both number and ages of North- 
west glacial stages; for the present it 
must be sufficient to locate the stage 
only with reference to local history. 

The belief that the Clarkston stage 
occurred well within the Pleistocene is 
based upon the evidence that the major 
deformation, which initiated the present 
erosion cycle, came after the deposition of 
the early Pleistocene Ringold formation. 
Therefore, considerable time must be 
allotted for the Ringold deposition, the 
deformation and canyon- 
cutting, and, in the Lewiston Basin re- 
gion, a-repetition of canyon-cutting after 
lavas had nearly filled canyons of the 
Asotin stage. It is, perhaps, a late origin 
of the modern topography that has pre- 
vented recognition of early Pleistocene 
glacial stages in the Columbia Basin re- 
gion. 

An upper time limit for the Clarkston 
stage is set by the Touchet beds and 
little-consolidated scabland gravels and 
sands which mantle erosional remnants 
of Clarkston fill. It is generally agreed™ 


associated 


1 Bretz, “The Age of the Spokane Glaciation,” 
Amer. Jour. Sci., 5th ser., Vol. VIII (1924), pp. 
336-42; Richard F. Flint, “Origin of the Cheney- 
Palouse Scabland Tract, Washington,” Bull. Geol. 
Soc. Amer., Vol. XLIX (1938), p. 468; Allison, p. 71 
of ftn. 7 (1941). 
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that these younger deposits are of Wis- 
consin age. Allison” recognizes a twofold 
division of Wisconsin deposits near the 
mouth of Snake River; the older unit is 
represented by the high gravel terrace 
corresponding to the gravel dam" at the 
mouth of Palouse River, and the younger 
by Touchet beds and coarse scabland 
deposits of the Lake Lewis~ice-jam epi- 
sode. He believes™* that both units are 
younger than Clarkston deposits which 
are present in the same general region. 

That the Clarkston deposits are older 
than Wisconsin is indicated also by their 
advanced degree of cementation, weath- 
ering, and iron oxide staining. Cementa- 
tion of Clarkston deposits is comparable 
to that. of early Pleistocene deposits, 
such as the Ringold formation, and 
many of the stream-worn cobbles and 
boulders are rotten to the core. In degree 
of weathering they resemble the Peshas- 
tin till described by Ben M. Page*’ as 
the first record of three successive Pleis- 
tocene glaciations in Wenatchee Valley, 
Washington. In contrast, the Wisconsin 
deposits seen by the writer and those de- 
scribed by Bretz,” Flint,’’ and Allison® 


12 Pp. 59-71 of ftn. 7 (1941). 

"3 Flint, pp. 507-10 of ftn. 12 (1938). 

™4 Personal communication (1944). 

5“Multiple Alpine Glaciation in the Leaven- 
worth Area, Washington,” Jour. Geol., Vol. XLVII 
(1939), pp. 785-815. 


© Ftn. 6 (1929). 
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are little consolidated, essentially un- 
weathered, and lack a prominent oxide 
stain. Other evidences of antiquity are 
found in the length of time that would be 
required for the growth of the fill and the 
marked lowering of the outer canyon 
slopes while the fill remained in the can- 
yon bottoms. Furthermore, the erosional 
interval between the Clarkstor stage 
and the beginning of the Wisconsin de- 
position was of considerable magnitude. 
The fill, over 400 feet deep, was largely 
removed from Lewiston Basin and 
neighboring canyons; the Snake River 
cut a new course across the basalt ridge 
south of Lewiston and elsewhere cut its 
channel about 30 feet deeper into the 
basalt bedrock. Post-Wisconsin erosion is 
insignificant by comparison, for the thin 
mantle of Touchet lake silt is intact over 
much of the Lewiston Basin. 











The conclusion indicated is that the 
Clarkston episode is a distinct proglacial 
stage in the middle part of the Pleisto- 
cene. The implication, of course, is that 
it is equivalent to either the Kansan or 





the Illinoian stage of the Mississippif 


Valley sequence, but judgment on that 
question must be deferred until further 
studies are made. 
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A MAJOR BURIED VALLEY IN EAST-CENTRAL ILLINOIS 
AND ITS REGIONAL RELATIONSHIPS? 


LELAND HORBERG 


Illinois State Geological Survey, Urbana 


ABSTRACT 


A large buried valley, tributary to the well-known bedrock valley along the Illinois River, has been 


trac 


| eastward across central Illinois to the Indiana state line, and continuation into Indiana and beyond 


is indicated by well records and outcrop data. Detailed studies are confined largely to Illinois, and the 
valley is herein named “Mahomet Valley” after a locality in Champaign County, Illinois. Mahomet Valley 
is considered preglacial, as Kansan, Aftonian, and possibly Nebraskan deposits occur within the channel. 


After 


the advance of the Kansan glacier the valley probably ceased to function as a major drainage line; 


and by the end of Illinoian time the valley was so completely filled with drift that the Sangamon interglacial 


plain continued across it without interruption. 


A new working hypothesis favored by the writer is proposed, namely, that Mahomet Valley represents the 


lower 


course of Teays River, a preglacial master-stream which probably had its source near the eastern 


scarp of the Blue Ridge in North Carolina; flowed westward across Ohio, northern Indiana, and central 
Illinois; and finally discharged into the Gulf Embayment through bedrock valleys now generally occupied 


by the present Illinois and Mississippi rivers. 
INTRODUCTION 


The geological studies made by the 
Worthen Survey of Illinois revealed that 
at several points in central Illinois the 
bedrock occurred at elevations much 
lower than at adjacent localities. The 
distribution of these low points led F. H. 
Bradley? to postulate that a preglacial 
valley extended southward from Lake 
Michigan through Kankakee and eastern 
Iroquois counties into Champaign Coun- 
ty and thence northwestward under the 
city of Bloomington into the Illinois Val- 
ley in southern Tazewell County. It is 
now known that these low points lie 
within independent preglacial drainage 
systems. 

Frank Leverett’ confirmed the pres- 

t Published with the permission of the chief of 
the Illinois Geological Survey, Urbana, Illinois 

“Geology of Kankakee and Iroquis Counties,”’ 
in Geology and Paleontology (“Ill. Geol. Surv.,” Vol. 
IV [1870]), pp. 226-40; “Geology of Champaign, 
Edgar and Ford Counties,” ibid., pp. 266-75. 

3“The Preglacial Valleys of the Mississippi and 
Its Tributaries,’ Jour. Geol., Vol. III (1895), 
pp. 744-57; “The Illinois Glacial Lobe,” U.S. Geol. 
Surv. Mono., Vol. XXXVIITI (1899), pp. 654-64, 
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ence of low bedrock elevations in east- 
central Illinois and suggested possible 
relations to the preglacial courses of the 
Kaskaskia, Wabash, and Illinois rivers. 
In a regional summary in 1g1o, H. M. 
Clem‘ suggested the presence of a “‘spur”’ 
connecting Illinois and Wabash bedrock 
valleys; and in 1931, T. E. Savage defi- 
nitely related the preglacial drainage of 
the region to the Illinois bedrock valley. 
Within recent years L. E. Workman and 
George E. Ekblaw, of the Illinois State 
Geological Survey, in unpublished maps 
and cross sections outlined the eastern 
margin of the valley in Champaign 
County and made the first subsurface 
interpretation of the glacial deposits 
within the area. 

The name “Mahomet”’ is herein pro- 
posed for the major bedrock valley cross- 
ing the area because near the village of 
Mahomet in western Champaign County 


, 


4 “The Preglacial Valleys of the Upper Mississip- 
pi and Its Eastern Tributaries,” Proc. Ind. Acad. 
Sci., 1910 (1911), pp. 335-52. 

5“On the Geology of Champaign County,” 
Trans. Ill. Acad. Sci., Vol. XXIII (1931), pp. 
444-45. 
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three wells penetrate bedrock at low ele- 
vations and determine the position of the 
deep part of the channel. 

The present study is an outgrowth of 
a ground-water study of Pleistocene 
aquifers in central Illinois (Fig. 1), in 
which all available well records were ex- 
amined, detailed studies were made of 
about seventy-five sets of well cuttings, 
and a contour map of the bedrock sur- 
face (Fig. 2) was compiled. Data for the 
bedrock-surface map of western Indiana 
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reach it where the drift is thin. For this 
reason considerable detail of relief is 
usually shown on the bedrock uplands, 
but only the general outlines of the ma- 
jor valleys are revealed. 


DESCRIPTION 


According to the present study, Ma- 
homet Valley enters the state near the 
southeastern corner of Iroquois County 
and with a broad southward loop con- 
tinues westward for 120 miles to enter 
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were compiled from the literature and 
from well records provided by Wallace 
W. Hagan, formerly of the Indiana Divi- 
sion of Geology. 

The thickness of the glacial drift in 
the area ranges from o, where bedrock is 
exposed at the surface, to over 450 feet, 
where moraines of Wisconsin age cross 
deep bedrock valleys. Few water wells 
reach bedrock where the drift is over 200 
feet thick,° whereas numerous wells 


6Mr. C. F. Stiegman, a water-well driller at 


Paxton, states that he has drilled wells along Ma- 
homet Valley for twenty-five years without encoun- 
tering bedrock in any of them. 





Map showing area studied in Illinois and proposed Teays drainage system. (Adapted in part 











the Illinois bedrock valley in southern 
Tazewell County (Fig. 2). Bedrock ele- 

vations along the valley are less than J 
400 feet above sea-level, or 200-300 feet 
lower than elevations on the adjoining 
bedrock uplands. The average depth of J 
the valley appears to be about 200 feet, 
and in general the valley lies between the 
300- and the 5o00-foot contours. The 
width of the inner portion of the valley 
lying below elevations of 450 feet is about 
4 miles near the east state line, 5 miles in 
central Piatt County, and about 15 miles 
in DeWitt County. Although the valley- 
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walls cannot be drawn sharply in most 
places because of the lack of detailed 
data, a notable widening is indicated for 
the downstream portion of the valley. 

The descent of the valley floor appears 
to be gradual; and, when estimated on 
the basis of a minimum elevation of 280 
feet above sea-level along Illinois bed- 
rock valley and the elevation of 300 feet 
above sea-levei at Oxford, Indiana,’ an 
average gradient of 1.65 inches per mile 
is obtained. This is a descent of 20 feet 
in 145 miles. 

A mature stage of development of the 
valley is indicated by its rela.ive width 
and depth and by the wide distribution 
of low elevations in DeWitt County, 
which suggest the presence of a flood 
plain. There is also a suggestion that the 
valley may have been eroded during two 
cycles so that the inner valley is en- 
trenched below a broad outer valley. 
This is evidenced by the pronounced 
break in slope below the 550- and the 
500-foot contours and by the absence of 
comparable low elevations outside the 
inner valley. 

A single major tributary from the 
north enters Mahomet Valley near Pax- 
ton. This valley appears to have its 
source along the margin of the Niagaran 
escarpment in northeastern Illinois. Im- 
portant tributaries from the south enter 
Mahomet Valley north of Danville, west 
of Monticello, and in western Logan and 
northern Menard counties, which is in 
opposition to the general slope of the 
present drift plain. 

Bedrock uplands bordering the valley 
range in elevation from 720 to 550 feet 
above sea-level, with the most extensive 
areas falling between the 550- and 600- 
foot contours. These uplands are parts 
of preglacial watersheds that separated 
River Mahomet from River Ticona® to 
the north, from upper Mississippi drain- 


7 Leverett, p. 757 of ftn. 3 (1895). 
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age to the northwest, and from Wabash 
and lower Mississippi drainage to the 
south (Fig. 1). 

Maximum total relief for the area is 
about 460 feet, with the lowest eleva- 
tions, 280-290 feet above sea-level, along 
Illinois bedrock valley and the highest 
elevations, about 720 feet above sea- 
level, on the bedrock upland in north- 
eastern McLean County. 

In the absence of closely spaced data 
along the upper course of the valley two 
alternative interpretations may be con- 
sidered: (1) a low divide near the north- 
ern boundary of Champaign County 
may have separated Mahomet Valley 
from another valley east of Paxton, 
which drained eastward rather than 
westward; (2) there may be a divide 
near the state line so that Mahomet Val- 
ley did not extend into Indiana. By both 
of these interpretations major valleys 
en! abruptly without important head- 
water tributaries, thus failing to satisfy 
physiographic requirements. The first 
alternative is further discounted by the 
northwest trend of the tributary valley 
north of Danville, indicating drainage 
to the west, and by a record showing 
bedrock less than 380 feet above sea- 
level in the northwest part of Champaign 
County. The major objection to the sec- 
ond alternative is the low bedrock eleva- 
tions in southern Benton County, In- 
diana (Fig. 4). In view of these facts the 
writer’s interpretation, shown in Figure 
2, will be assumed in subs quent de- 
scriptions. 


RELATION TO PRESENT TOPOGRAPHY 


The present topography of the area is 
controlled almost entirely by moraines 
of the Wisconsin glacial stage, which 
bear no direct relation to the bedrock 

SH. B. Willman, “Preglacial River Ticona,” 
Trans. Ill. Acad. Sci., Vol. XXXIII (1940), pp. 
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topography and cross Mahomet Valley 
at various angles without change in 
trend or elevation. These moraines be- 
long to the Tazewell substage, and in 
succession northeastward from the out- 
ermost are the Shelbyville, Cerro Gordo, 
Champaign, Bloomington, Normal, and 
Chatsworth. 

The western part of the area lies west 
of the Wisconsin drift margin (Fig. 3) 
and includes uplands underlain by loess- 
covered Illinoian drift and a broad bot- 
tom land along the present Illinois River 
Fig. 2). The lowland, which is a striking 
feature of the middle Illinois Valley, 
coincides with an extensive bedrock low- 
land developed at the confluence of the 
Mahomet and Illinois bedrock valleys 
and four important tributary bedrock 
valleys. 


RELATION TO BEDROCK 


Mahomet Valley cuts across regional 
structural trends and, from east to west, 
crosses the western Indiana syncline, the 
LaSalle uplift, and the northern part of 
the Illinois basin. The rocks underlying 
this area are largely nonresistant Penn- 
sylvanian shales, although limestone and 
sandstone beds locally form thin units 
of greater resistance to erosion. 

The major feature due to differential 
erosion is the bedrock lowland along the 
Illinois River and the related narrows at 
Beardstown (cross section C-C’, Fig. 2). 
The narrows resulted from entrench- 
ment in more resistant Mississippian 
limestones, which are exposed along the 
river at this point; and the lowland may 
be attributed to lateral planation of 
weaker Pottsville and Carbondale strata 
upstream from this local base-level. 
Other features of the preglacial surface 
which locally appear to reflect bedrock 
lithology are: (1) the broad ridge in 
western Ford County may be due to 





A MAJOR BURIED VALLEY IN EAST-CENTRAL ILLINOIS 





353 


Devonian-Silurian limestones along the 
LaSalle uplift; (2) the small upland in 
southwestern Vermilion County repre- 
sents an outlier of LaSalle limestone; (3) 
the narrow ridge in north-central Doug- 
las County is a reflection of Devonian- 
Silurian limestones along the crest of the 
LaSalle uplift; (4) the valley-wall in 
northern Menard and northwestern Lo- 
gan counties may be partly the result of 
control by Pennsylvanian limestones 
above No. 6 coal. 


DESCRIPTION OF THE VALLEY-FILL 


Eleven units of Pleistocene deposits 
have been identified in the area: 


11. Post-Shelbyville (Wisconsin) till and out- 
wash 

10. Shelbyville (Wisconsin) till 

g. Sangamon soil and alluvium 

8. Upper Illinoian till 

7. Middle Illinoian sand and gravel 

6. Lower Illinoian till 

Yarmouth soil and alluvium 

Kansan till 

Kansan sand and gravel 


Ww 


nw 


. Aftonian alluvium 
1. Nebraskan (?) sand and gravel 


Within this sequence significant un- 
conformities occur at the base of the 
Kansan sand and at the bases of the 
Yarmouth and the Sangamon intergla- 
cial deposits. These unconformities are 
responsible for major variations in the 
succession below the Sangamon soil 
zone; the Wisconsin tills form a relative- 
ly regular unit, in which Shelbyville and 
post-Shelbyville divisions are usually 
recognizable. An outstanding feature of 
the pre-Wisconsin deposits is the domi- 
nance of water-laid silts, sands, and 
gravels within Mahomet Valley in con- 
trast to glacial till, which is the domi- 
nant material along the margins of the 
valley and under the adjoining uplands 
(cross sections, A—A’ and B-B’, Fig. 2). 
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RELATIONS OF THE SANGAMON AND 
THE YARMOUTH SOIL ZONES 

The Sangamon plain below Wisconsin 
drift has been reconstructed for a part of 
the area on the basis of about 200 well 
records in which buried soil was either 
logged by the driller or was determined 
from sample cuttings (Fig. 3). Consider- 
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fall between 620 and 640 feet above sea- f pl 
level. The surface has an average gradi- § Sa 
ent of about 5 feet per mile and varies in § oc 
elevation from 760 to 590 feet above sea- § Le 
level. In northwest Champaign County § Y: 
a shallow sag in the plain lies approxi- § dit 
mately over Mahomet Valley, but else- 51 
where there is no coincidence with the § {al 
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ing the minor errors possible in logging 
and in determining the location and ele- 
vation of wells, the close agreement of 
data-points for any given part of the map 
is noteworthy. The plain slopes gently 
away from the bedrock upland in Mc- 
Lean County and crosses Mahomet Val- 
ley without significant change in gradi- 
ent. In Macon, Piatt, and western Cham- 
paign counties most of the elevations 
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bedrock surface. Upon this plain were§ 
spread the Wisconsin drift sheets and 
their moraines. 

The Yarmouth surface is not so well 
known as the Sangamon, but it appears 
to cross Mahomet Valley at fairly uni- 
form elevations (cross sections A—A’ and 
B-B’, Fig. 2). About 60 wells in the area 
covered by Figure 3 encounter the hori- 
zon and indicate that the undissected 
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plain was generally parallel with the 
Sangamon surface. Highest elevations 
occur over the bedrock upland in Mc- 
Lean County, and from that area the 
Yarmouth surface slopes outward in all 
directions. Elevations range from 670 to 
514 feet above sea-level, most of them 
falling between 550 and 600 feet. 


INTERPRETATION OF LOCAL 
DRAINAGE HISTORY 

The oldest feature of the bedrock sur- 
face is represented by the upland sur- 
face, which crosses the structures of the 
area and slopes southwestward from ele- 
vations of about 600-500 feet above sea- 
level. The most extensive parts of this 
surface appear to lie between the 550- 
and the 600-foot contours. In the north- 
ern part of the area in McLean and east- 
ern Iroquois counties higher portions of 
the upland rise to a uniform level of 
about 650 feet and have restricted sum- 
mits at elevations over 700 feet. In north- 
western Illinois a summit erosion sur- 
face, called the ‘“‘Dodgeville peneplain,’’’ 
has been recognized. This surface slopes 
southward from an elevation of about 
goo feet in the Driftless Area to an ele- 
vation of about 600 feet in the Starved 
Rock region in LaSalle County.’® Bed- 
rock valleys, eroded 200-300 feet below 
this upland, are pre-Kansan and prob- 


sably preglacial in age. The elevation, 


slope, and dissection of the bedrock up- 


lanis in east-central Illinois suggest 
their correlation with the Dodgevilie 
surface. 


9A. C. Trowbridge, ‘“The Erosional History of 
the Driftless Area,” Jowa Univ. Studies, 1st ser., 
No. 40 (“Studies in Nat. Hist.,”’ Vol. IX, No. 3 
[1921]), pp. 1-127; R. E. Bates, ““Geomorphic His- 
tory of the Kickapoo Region, Wisconsin,” Bull. 
Geol. Soc. Amer., Vol. L (1939), pp. 819-80. 

‘©H. B. Willman and J. N. Payne, “‘Geology and 
Mineral Resources of the Marseilles, Ottawa, and 
Streator Quadrangles,” Jil. Geol. Surv., Bull. 66 
(1942), pp. 204-5. 
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Mahomet Valley and its tributaries 
were eroded below the upland surface in 
pre-Aftonian time, as Aftonian and pos- 
sibly Nebraskan deposits have been iden- 
tified within the valley in cuttings from 
wells at Urbana, Champaign County 
(Fig. 2, cross section A—A’, well No. 5), 
and in southwestern McLean County. 
In both localities three soils are recog- 
nizable, the lowermost or Aftonian being 
underlain by sand and gravel. The age 
of the basal sand and gravel is uncertain, 
and it is considered Nebraskan rather 
than Aftonian largely because of the ab- 
sence of humus, the pronounced break 
at the top of the deposit, and its general 
similarity to known glacial, rather than 
interglacial, deposits. Valley cutting thus 
appears to have been completed by pre- 
glacial Pleistocene time. Later modifica- 
tions of the bedrock surface in the area 
were probably brought about largely by 
drainage diversions and only to a minor 
degree by true glacial corrasion. Glacial 
erosion by Wisconsin ice was certainly 
negligible, as there are few instances 
where the surface drift is not underlain 
by older glacial deposits. 

The dominant glaciofluvial character 
of the pre-Wisconsin ‘deposits within 
Mahomet Valley indicates that the valley 
remained an active drainage line until 
late Illinoian time. During the early 
Pleistocene the channel was probably 
open and cleared of fill, as the pre-upper 
Kansan sand and gravel in several places 
rests directly on bedrock (cross sections 
A-A’ and B-B’, Fig. 2). However, after 
the deposition of this material, the val- 
ley was progressively filled with glacial 
and interglacial deposits so that by San- 
gamon time (possibly even by Yarmouth 
time) it had ceased to function as an im- 
portant drainage-way and the Sanga- 
mon plain crossed it without interrup- 
tion. 
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The available evidence indicates that 
the initial drainage diversion leading to 
the abandonment of the valley was 
caused by the advance of the Kansan 
glacier and that the valley continued 
only as a minor channel-way during Yar- 
mouth and Illinoian time. The poscibil- 
ity of diversion in pre-Kansan time is 
opposed by the occurrence of Aftonian 
and older deposits at elevations between 
450 and soo feet above sea-level within 
the valley and by the stratified character 
of all the deposits within the valley that 
lie below the upper Kansan till. The al- 
ternative of diversion by the Illinoian 
glacier finds some support in the wide- 
spread occurrence of middle Illinoian 
sand along the valley. However, the base 
of this sand has an elevation of about 
550 feet above sea-level, which is 250 
feet above the valley-floor and close to 
the level of much of the upland. This re- 
lation, together with the uniform eleva- 
tion of the Yarmouth soil, suggests that 
the valley in Illinoian time was a broad 
sag which followed the general course of 
Mahomet Valley and received Illinoian 
outwash but was not an important 
through-valley. This view is further at- 
tested by the fact that the Yarmouth 
and.Sangamon deposits consist largely 
of peaty soil and alluvial silt and fine 
sand, most of which probably represents 

rash from adjacent gentle till slopes. 

With the advance of the Wisconsin 
glacier across the Sangamon plain, ail 
vestiges of the old valley were obliter- 
ated, and there is nothing in the present 
landscape to suggest its existence. 


RELATION TO REGIONAL PRE- 
GLACIAL DRAINAGE 


Numerous well records in southern 
Benton County, Indiana, suggest that 
Mahomet Valley continues eastward to 
join the bedrock valley along the present 


LELAND HORBERG 


Wabash River near LaFayette. This in- f © 
terpretation (Fig. 4) is based on well} @ 
records and bedrock-exposure data com- 
piled largely from the literature and is§ “ 
thus subject to important revisions, al- § ™ 
though the amount of published data # 
and their agreement are notable. ; 
{ 


Low bedrock elevations in southern 
Benton County were first noted by S. §. 
Gorby™ in 1866 and were subsequently 
verified by Leverett.” Three interpreta- 
tions of these low bedrock elevations§ | 
have been proposed: (1) the preglacial 
valley at LaFayette continues west past 
Oxford (Fig. 4) and thence south to the 
preglacial valley near Covington;"* (2 
a possible ‘‘spur’’ connects Wabash and 
Illinois drainage;4 and (3) the bedrock 
valley near LaFayette continues southf fF 
through Fountain County, and the val-— 
ley in Benton County represents an im- 
portant western tributary.** Concerning 
the main valley at LaFayette, Fidlar 
further postulated” that this valley con- 
tinued eastward into Ohio, where it 
joined the ancient Teays Valley’? in the 
central part of the state near Chillicothe 
(Fig. 1). The course of the valley from 
LaFayette eastward across northern In- 
diana to the Indiana-Ohio state line in 
Adams County is based on numerous 
well records and in part follows the 





tt “Geology of Tippecanoe County,” Ind. Dept 
Geol. and Nat. Res., 15th Ann. Rept. (1886), p. 7 



















12 “Wells of Northern Indiana,” U.S. Geol. Sun T 
Water-Supply and Irrigation Paper 21 (1899), PP yal] 
61-00. 

low 

3 Leverett, p. 744 of ftn. 3. (1895). stre: 

t4 Clem, ftn. 4 (1911). 

15 M. M. Fidlar, “The Preglacial Teays Valley ingg ana,’ 
Indiana,” Jour. Geol., Vol. LI (1943), p. 417. {Ig 

6 Tbhid., pp. 411-18. 

‘ Aw" Band 

7W. G. Tight, “Drainage Modifications inf (;,, 
Southeastern Ohio and Adjacent Parts of Wes 

a. Cel 2 ae “ " F 2 
Virginia and Kentucky,” U.S. Geol. Surv. Pro 

Jour 


Paper 13 (1903), pp. I-III. 
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A MAJOR BURIED VALLEY 


course of a buried channel previously 
described by S. R. Capps.*® 

Near the Indiana-Ohio state line the 
channel coincides with preglacial chan- 
nels discovered by J. A. Bownocker,” 
and the course southeastward to Chilli- 
cothe is based upon the work of Karl 
Ver Steeg.?° 


IN EAST-CENTRAL ILLINOIS 
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west boundary of Tippecanoe County 
and flows essentially on bedrock to a 
point about 3 miles south of Covington, 
where it again enters a buried bedrock 
valley. In this area Fidlar indicated that 
the preglacial valley followed a buried 
channel through Fountain County some 
distance east of the Wabash River and 
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The of the ancient bedrock 
valley south of LaFayette does not fol- 
low the present Wabash River, as that 
stream enters a narrow valley near the 


course 


*8 “Underground Waters of North-central Indi- 


ana,” U.S. Geol. Surv. Water-Supply Paper 254 
(1910), p. 20. 

194 Deep Preglacial Channel in Western Ohio 
and Eastern Indiana,’ Amer. Geol., Vol. XXIII 


(1899), pp. 178-82. 


’ 


“The Buried Topography of Western Ohio,’ 
Jour. Geol., Vol. XLIV (1936), pp. 918-30. 


joined the present valley south of Cov- 
ington (Fig. 4). As an alternative hy- 
pothesis it is proposed that the main val- 
ley turned west near LaFayette, through 
southern Benton County into Illinois 
and, as Mahomet Valley, continued west 
to join the bedrock valley along: the IIli- 
nois:-River. The following considerations 
are offered in support of this interpreta- 
tion: (1) the valley in southern Benton 
County appears to be comparable in 
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size to the valley above LaFayette, 
whereas any buried valley in Fountain 
County must necessarily be restricted 
in width; (2) bedrock elevations to the 
west are lower and more closely spaced 
than they are to the south, where there 
is an interval of about go miles before 
comparable low elevations are shown by 
Fidlar;? (3) this interval is an area of 
high bedrock indicated by well records 


TABLE 1 


BEDROCK ELEVATIONS ALONG PROPOSED TEAYS VALLEY 


Feet above 


Locality 


Seary, W.Va. 

Chillicothe, Ohio 

Madison County, Ohio 

Jay County, Ind. 

La Fontaine, Wabash County, Ind. 
Miami County, Ind. 

Delphi, Carroll County, Ind. 
LaFayette, Ind. 

Oxford, Benton County, Ind. 
Rankin, Vermilion County, Ill. 
Paxton, Ford County, III. 
Mahomet, Champaign County, IIl. 
Clinton, DeWitt County, III. 
Delavan, Tazewell County, III. 
Beardstown, Cass County, Il. 





* Wilber Stout and G. F 


XXXVIII (1938), also in Geol. Surv. Ohio 


and numerous bedrock exposures” (Fig. 
4); (4) the published evidence support- 
ing the buried valley through Fountain 
County is inconclusive,” and it is signifi- 
cant that Leverett” in a later discussion 
of the wells of Fountain County makes 


a Fig. 1, p. 412 of ftn. 15 (1943). 

22 Leverett, “Wells of Southern Indiana,” U.S. 
Geol. Surv. Viater-Supply and Irrigation Paper 21 
(1899), pp. Ig-20. 

23 The evidence consists of a map and statement 
by R. T. Brown, published in 1881 without support- 
ing data, in “Fountain County,” Jnd. Rept. Geol. 
and Nat. Res. 11th Ann. Rept. (1881), p. 92, map 
facing p. 89. 


24 P. 20 of ftn. 22 (1899). 
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. Reference 
Sea-Level 
670 Stout and Lamb* 
630 [bid. 


Less than 538 


Less than 340 


Lamb, ‘‘Physiographic Features of Southeastern Ohio,” Ohio Jour 
“Reprint Ser.,’ 


+t W. N. Logan, ‘‘The Sub-surface strata of Indiana,”’ Ind. Div. Geol. Pub. No. 108 (1931), p. 47. 





no reference to an important buried val- 
ley within the county. 

No satisfactory interpretation of 
drainage changes in the area south of 
LaFayette can be made until further in- 
formation becomes available. It is ques 
tionable whether the diversion from Ma- 
homet Valley into the lower Wabash 
bedrock valley was directly into the 


present valley above Covington or 


Ver Steeg, p. 925 of ftn. 20 (1936) 


463 Fidlar, p. 416 of ftn. 15 (1943) 

411+ Capps, p. 226 of ftn. 18 (1910) 

423 Fidlar, p. 416 of ftn. 15 (1943) 

300+ gaint 

384 Fidlar, p. 416 of ftn. 15 (1943) 

300 Leverett, p. 757 of ftn. 3 (1895) 
358 Files, Ill. Geol. Surv. 

343 Savage, p. 444 of ftn. 5 (1931) 

357 Files, Ill. Geol. Surv. 


Files, Ill. Geol. Surv. 
Savage, p. 444 of ftn. 5 (1931) 
Files, Ill. Geol. Surv. 
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311 
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0. 1 [1939]), Pp. 14 









through a buried valley to the east. Sub- 
surface studies of the deposits filling the 
valleys are needed to establish the times 
of important erosion; and until this i 
done, interpretations will remain ur 
certain. 

Although the details of drainage his 
tory in the LaFayette region are not en- 
tirely clear, the existing evidence strong: 
ly indicates that the main preglacial val- 
ley continued into Illinois as Mahomet 
Valley. If this is true and if the course oi 
the ancient Teays east of LaFayett 
outlined by previous writers is confirmed, 
Mahomet Valley represents the cours 
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of the lower Teays River.” By this hy- 
pothesis Mahomet Valley was eroded by 
a preglacial master-stream which prob- 
ably had its source near the eastern 
scarp of the Blue Ridge in North Car- 
olina;” flowed westward across Ohio, 
northern Indiana, and central Illinois; 
and finally discharged into the Gulf 
Embayment through bedrock valleys 
along the present Illinois and Mississippi 


25In this case the name “Mahomet” should be 
dropped and the valley referred to as the “lower 
Teays.” 


““Minford 
Geol. Soc. Amer., 


2 Wilbur Stout and Downs Schaaf, 
Bull. 


1931), pp. 003-72. 


Silts of Southern Ohio,” 


Vol. XLII 
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rivers. Bedrock elevations (Table 1) 
along this valley indicate an average 
gradient of about 7 inches per mile for 
that portion of it above Beardstown, 
Illinois. 
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REVIEWS 


Handbook for Prospectors and Operators of Small 
Mines. By M. W. von BERNEWITZ. Revised 
by Harry C. CHELLSON. 4th ed. New York: 
McGraw-Hill Book Co., 1943. Pp. 547. $4.00. 
During the fourteen years before his death, 

May 18, 1940, three editions had appeared of 

Mr. von Bernewitz’ handbook. These editions 

not only were very useful to the mining industry 

but were opportunely issued so that the material 
was conveniently available through the entire 
third decade of the present century during the 
years of the great depression, when so many idle 
workers with little or no experience at prospect- 
ing were turning to it as a means of employment. 

Owing to the author’s wide experience in North 

America, Australia, New Zealand, and the 

Netherlands Indies, as well as his journalistic 

experience, he was well qualified to undertake 

this work. 

In the first three editions of the book von 
Bernewitz covered essentially the same ground 
except that in the second edition a chapter was 
added on geophysics. In the third edition this 
was withdrawn because it was regarded as too 
specialized, and it is not restored in the fourth 
edition. 

Mr. von Bernewitz died before his fourth edi- 
tion went to press. It was revised by Mr. H. C. 
Chellson, editor of the Mining Congress Journal, 
whose background is nearly similar to that of 
von Bernewitz, except that his mining experi- 
ence has been chiefly in North America and 
Asia. 

As the book now stands, the subjects are 
treated in six parts: (I) equipment, transporta- 
tion, health, and laws relating to mining; (IT) 
geology, sampling, and measurements; (III) 
metallic and nonmetallic minerals; (IV) ore 
dressing and treatment; (V) useful memoranda; 
and (VI) glossary. 

Mining geologists will find (p. 66) a short 
and interesting list of examples of districts in 
which geology has proved useful in prospecting 
and in developing mines, with brief notes on 
some of them. Among those mentioned are the 
United Eastern, United Verde Extension, and 
Miami, Arizona; Chuquicamata, Chili; iron and 
copper mines in the Lake Superior district; gold 
mines in Western Australia. Many more could 
be added to this list. 


The reviewer was particularly interested 
notes on the Saun concession (‘‘Colbran co 
tact’’), which lies near Holkol about roo mil 
north of Keije (Seoul), the capital of Kore 
The reviewer has not visited the mine but 
1921 was shown maps and other data of the 
trict at the office of the geological survey 
Chosen. This district, which was described } 


Higgins in Economic Geology in 1918 (XIII, 
34), Offers a fine example, showing how detail 
geologic mapping aided by diligent use of 

gold pan may assist in the discovery of a val 


able deposit. 

The book is compactly but strongly boum 
with light-weight flexible cover and is desig 
to stand the rough handling which books cal 
ried in the field are likely to get. The style 
clear, and the material is well chosen. It co 
tains little that will not be found useful for t 
inexperienced prospector and much that is co 
veniently arranged for the more experiend 
one. It is a very good book. 

W. H. Emma 


Climate of Indiana. By STEPHEN SARGE 
VISHER. (“Indiana University Publicatiog 
Science Ser.,’’ No. 13.) Bloomington, Indiag 
1944. Pp. 511; figs. 492. $4.00. 


This is undoubtedly the most comprehensi 
study of the climate of a state which has 4 
peared; and, as Indiana is representative o} 
considerable region, the findings here present 
should also have important application well § 
yond the state boundaries. The volume 
tains an immense amount of factual mate 
covering all aspects of Indiana’s climate, m 
of which is made graphic on more than fo 
hundred climatic maps of the state (mostly of 
ninth of a page in size and generally arrang 
in groups of three, facilitating compara 
study). It is a very thorough, painstaking pié 
of work. 

Extending into the field of geology are 
chapters: “Climatic Changes and Their Possi 
Causes” and “Climate and Physiography 
These are subjects to which the author 
given special attention for many years. 


RK. FB 
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